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FOREWORD 


Travel through our solar system unci ultimate l\ 
through our^alax) re presents a <;oal which appears Lu 
hr achievable* hy man. Most ol tin* problems til 
pmpulsion, spacecraft struetures, ami guidance 
s\ stems have- hern solved through the outstanding 
ennineerine edlorts ol tin* MXiOs. \ou, with the- 
Skylah missions. attention (urns Iroin tin more* 
hard wari'-ormnte-d issues to man bimsell. We- do not 
know what the physiological performance of tin* 
hod\ w ill hr in thr w rirhtlrs>nrs> ol a lon^ d uru lion 
spare 4 llijiht. Wr eh) not know whether tin* changes 
srr n in (o inini and Apollo crewmen arc* srlf -limiting 
aduptativr proee-sses or whether tiny represent tin 1 
heifimiinp- ol se-rious physiological deterioration. I In' 
Sky la t j I’ro^ram w ill provide* valuable data with which 
one can heeili to resolve these issues. 


The Skvlah Medical Kxpcrime-nls Altitude- lot 
(SMKAT) was an integral part ol tin Skv lah Program. 
SMI. \ I served hotli to gather vital haseline 
biomedical data and to resolve- many ol tin 
equipment and procedural problems which other- 
wise m i>;ht have impaired Skvlah. lo all persons 
and ornuni/atioris who worked on the- SMI \ ! 
program, I would like* to extend my since* re 
thanks. Tin* preparation tor and <-ompl<tiou ol 
SMI AT requireel nidividnal de-diialton. a ele->in* l<» 
j^e l the job done, ami a willingness to <u> that 
"second mile. Without sin'll outstanding p<*r- 
lormaiM’<*. it would rmt have Im-cii possilile to 
comple te* this dilTieiilt and complex test program. 
Kveryone* should In* proud e)l tin contributions 
which have* hee-n made to the Skvlah Program. 
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CHAPTER 1 
INTRODUCTION 

Richard S. Johnston 
Director of Life Sciences 

Lyndon B. Johnson Space Center 


The Skylab Program provides a unique laboratory 
for the study of physiological change produced in 
man by longterm residence in space. Valuable infor- 
mation will be gained concerning the real nature ol 
c hanges found in earlier and shorter space missions. 
Inasmuch as the Skylab Program represents a new 
order of complexity in space activities, it required 
increased support and testing prior to llight. I he 
Skylab Medical Experiments Altitude Test (SMEAi) 
was conducted both to test preparations for the 
mission and to observe, using a Skylab atmosphere 
and facilities at Earth s gravity, any physiological 
changes in crewmembers. Such changes, il found, 
could be attributed to the SMBAT environment in 
which weightlessness played no part. These results 
would be of great value in assessing the role ol 
weightlessness in later Skylab results. 

The Skylab Medical Experiments Altitude Test 
represents a quantum step forward in the progress ol 
test and simulation procedures for mission support. 
The SMBAT Program was a simulation ol a 56-day 
Skylab mission, conducted at the Lyndon B. Johnson 
Space Center. This simulation, in which three mem- 
bers of the astronaut corps served as subjects, 
provided an excellent test bed for the evaluation of 
crew procedures, llight equipment, and mission sup- 
port. In many respects, the SMBAT Program was a 
separate space mission in its own right. It was unique 
in the extent to which il approximated full simula- 
tion of a space mission. The physical facility was 


quite similar to that ol Skylah: the atmosphere wa> 
identical (7W 0 2 /:«W iN 2 at 5 psi): crew activities 
were fully representative; the timeline ol events was 
that of an operational mission; and lull mission 
support was provided, just as would be the case in 
Skylab. 

The antecedents ol Skylah, and SMEA I , reach 
into the early days ol space activity. At that time 
there wen two fundamental questions to lie 
answered. The first of these was “Is it possible to 
send man into space and recover him unharmed f 
The affirmative answer to this question now has Im*c» 
demonstrated mans times. The second question was 
“Can man live and perform efficiently in span* over 
long periods ol time? 1 1 here is not as yet a definitive 
answer tor this question. Although results ol earlier 
flights, such as the fourteen-day Bernini mission, are 
very encouraging, the information obtained does not 
provide a dear picture of the changes produced in 
man by exposure to the spare flight environment ami 
of his readjustment to the earth environment upon 
return. 

Major manned space missions of the future can lw 
planned only if the conditions assuring man's well 
being and effectiveness are defined. Even the rela- 
tively short Apollo missions make it clear that 
changes take place in the major physiological systems 
of the hod) during exposure to space, fin true 
nature of these changes is yet to be determined. It 
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not known at this linn whether liny represent tin; 
beginnings of a gradual process ol deterioration or 
whether tiny art* adjustments leading lo a new 
adaptive state. If the latter should be true, it will be 
necessary to obtain an aeeurate time profile ol this 
adaptation process and, lurlher, to assess the changes 
brouglit about during tin- period of readapiatioti 
following return lo earth. 

One of the primary objectives ol the Sk lab 
Program is to allow better observation of man-in- 
spaee and to determine physiological change as a 
function of weightless flight lime, as op post'd to the 
prr- ami postflight studies of crewmen conducted in 
the Apollo missions. This program affords an op|>or- 
tunity to study biomedical questions in depth. The 
28- and 5b-day missions an sufficiently long lor one 
to observe any critical changes and to make detailed 
records ol the progress ol gradual alterations in basic 
biological processes. 

In early planning for the Sky jab biomedical 
program, a move was initiated to consolidate the list 
of pro|K>sed medical research measurements into five 
principal categories, each of the five to lie related to a 
major physiological system. Thus, measurements re- 
lating to the performance of the eardiovascular 
system were organized so that they together would 
comprise a flight experiment, the ultimate meaning of 
which would be greater than the sum of the knowl- 
edge gained from individual measures if the latter 
were to be conducted out of context. Similarly 
organized were measurement relating to the 
musculoskeletal system, the nervous system, the 
rcnai-endocrinc-mincral system, and the respiratory - 
metabolic system. Under ill i ^ philosophy, a set of 
Experiment Implementation Plans was prepared for 
approval by the NASA Manned Space Flight Experi- 
ments Board. As preparations for Sky lah proceeded, 
it was necessary to make a number of changes in the 
organization of the measurement program, 
particularly where complex hardware or instrumenta- 
tion systems made desirable a separately identifiable 
task to speed implementation and to reduce cost. 
However, the overall biomedical measurement pro- 
gram still adheres to the philosophy that the sum of 
these measurements should provide an aeeurate and 
detailed assessment of both gross and subtle changes 


which might occur within the major physiological 
systems of the body. 

Program Objectives 

The objective of the Sky lab Medical Experiments 
Altitude Test was to provide a nearly lull scale 
simulation of a 5b day Sky lab mission. Through this 
simulation, all crew procedures and equipment opera- 
tions could be tested, and final training of support 
personnel could lie conducted. Of particular impor- 
tance was (he opportunity to Lest and refine data 
collection techniques for, after all, the entire raison 
d'etre lor Sky lah lies in its ability lo return rneaning- 
lul measurements. 

For program planning, six specific objectives were 
listed tor SMEAT. as follows: 

1. Obtain and evaluate baseline medical data for 
up to 5b days for those medical experiments which 
might be affected by the Sky lab environment. 
SMEAT simulates the Sky lah environment in terms of 
all major parameters except one, weightlessness. The 
atmosphere, the work program, and the social en- 
vironment all were essentially identical to that of 
Sky lah. Therefore, it was considered quilt' important 
to obtain baseline clinical measures as well as data 
from all major medical experiments to provide a 
baseline against which one could compare later results 
from Sky lah missions. In this manner, an indication 
could be gamed concerning the biomedical 
importance of weightlessness per se as an experi- 
mental variable. 

2. Evaluate selected experiments hardware, 
systems, and ancillary equipment. This proved lo lie 
an invaluable part of the SMEAT effort. In many 
instances, specific hardware items failed to function 
appropriately. In other cases, use of the hardware 
made it obvious that its utility and acceptance could 
be increased through a redesign program. Certain 
items of equipment, such as the urine collection 
system, underwent extensive redesign subsequent lo 
SMEAT and prior to us** in tin* Skvlab Program. 

3. Evaluate data reduction and data handling 
procedures in a mission duration time frame. To meet 
this objective, all constraints imposed by an actual 
mission were included, even for such matters as 
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acquiring data only at times when such would Im* 
possible during a mission, as tin 1 Orbital Workshop 
passed over a network station. 

4. Evaluate preflighl and poslllight niedieal sup- 
port operations, procedures, and equipment. This was 
considered particularly important in view ol the 
heavy biomedical orientation lor the lirsl manned 
Skylab mission. 1 o this end. a (light medical opera- 
tions learn maimed remote eonsoles as planned ior 
the Mission (Control Center during actual Skylab 
missions. 

5. Kvaluale medical inflight experiment operating 
procedures and crew checklists. SMFAl involved us' 
of actual Skylab medical experiment hardware as it 
would be installed in Skylab and with the require- 
ment to provide usable measurements. Changes were 
made in this equipment subsequent to SMFAl only 
to improve accuracy of data collection. 

(), Tram Sky lab medical operations team tor 
participation during the flight. In lad, the training 
benefit of SMK AT proved to be considerably greater 
than indicated by this objective. All management and 
support personnel received invaluable training lor 
Skvlah during the conduct ol SMIAI 

Program Plans 

Initial proposals for an altitude chamber test 
program were studied lor about a year and a ball, 
leading to approval in February 1971 of formal plans 
for a Skylab Medical Experiments Altitude lest. 
Skylab medical experiment equipment items were 
delivered to the Johnson Space Center darting in 
early 1972 and served a> the test equipment (or the 
SMFAl Program. 

The SMFAl test was conducted ill three phases: 
prechainber beginning six months prior to the 
chamber test: .lb-day chamber test: and 18-day 
postchamber testing. The actual chamber test began 
(ui 26 July 1972. The test was conducted in a cylin- 
drical, twenty -loot diameter vacuum chamber at the 
Johnson Space Center. This chamber was configured 
to resemble the part of the Skylab in the Orbiting 
Workshop (OWS) referred to as the Crew Ouarters. 
During this test, Skvlah mission procedures were used 


to the fullest extent possible. Ml communication:*, 
with astronauts, for example, were relayed through 
the Mission Control Center CAPCOM coinmiinieatioN 
technique. Crew support procedures, such a* those 
for food sendee and personal hygiene, also were 
structured in accordance with those ol Skv lah. I lie 
major niedieal experiments and the detailed te^l 
objectives (D I'O s) accomplished during tin* SMFA I 
program may he summarized as lollows. 

Skylab Medical Experiments 

Cardiovascular/llemodynamic 

M092 Lower liody Negative Pressure. Obtain 
baseline data concerning the time course ol cardio- 
vascular deconditioning during long term residence in 
zero g and predict the degree o( physical impairment 
that may be experienced upon return to earth s 
gravity. Obtain verification of procedures and crew 
operational capability . 

M09:i Vectorcardiogram. Determine reference 
data and changes in the electrical activity of the heart 
caused by exposure to the Skylab atmosphere and 
other specific stressors. Correlate the changes that are 
detected with those known to occur alter specific 
stress in normal environments. 

A//// Cytogenetic .Studies of Mood. Determine 
the preflight and postflight chromosome aberration 
frequencies in the peripheral blood leukocytes ol tin 
Skylab crewmen. Because chromosome aberration 
yields of peripheral leukocytes have been sensitive 
indicators of radiation exposure, this experiment 
could also be used to assess the radiation exposure of 
the crewmen. 

Ml 12 Hematology and Immunology . Determine 
the effects of space flight on the hormonal and 
cellular aspects of nninuiiilv and delect quantitative 
and qualitative changes in the immunoglobulins ami 
related proteins and lymphocyte functions. Ol special 
interest are indications til a change in man s ability to 
combat infections and repair traumatized tissues alter 
exposure to the space environment. 
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Mil 3 Blood Volume and Red (.el! Life Span. De- 
termine changes in red cell mass, red cell production, 
and red cell survival caused by a Sky lab environment. 
Ilu experiment v> ill also provide analytical informa- 
tion in the lorm ol plasma volume sliilt data that may 
oiler insight into the mechanism ol cardiovascular 
deconditionine and orthostasis. 

Mit t Red Bhtod Cell Metabolism. Determine the 
causes ol any changes in red cell metabolism and iit 
membrane integrity in man as a result of long: term 
stays in the space environment. 

Ml 15 Sfyecuil Hematologiv Effects. Examine 
critical physicochemical hematological parameters re- 
lative to the maintenance ol homeostasis and evaluate 
the elleets ol spare flight on these parameters. 

Musruloskeietal/Metabolic 

M07 1 Mineral Ralance. Determine the effects of 
space Might on museuloskeletal metaholism by 
measuring the daily gains or losses ol pertinent 
biochemical substances. Substances of interest in- 
elude calcium, phosphorus, magnesium, sodium, 
potassium, and protein. SMEAT evaluated the effect* 
of altered Skvlah atmosphere on these substances. 

MOT -l Specimen Mass Measurement. Demonstrate 
tin- capability to accurately “weigh masses as great 
at 1 .000 gm with a device designed to operate in a 
zero g environment. The experiment provides a means 
to determine the mass ol lood residues and of feces 
and vomilus generated by Skylab crewmen. 

MOTH Bone Mineral Measurement. Measure bone 
mineral changes that result from exposure to weight- 
lessness. Mineral measurements are taken of the left 
os caleis and right radius of each crewman, both pre- 
and post flight. SMEAT provided a method to deter- 
mine if changes in bone mineral levels were affected 
by reduced atmospheric pressure ami elevated carbon 
dioxide partial pressure. 

Mill Metabolic Activity. Evaluate the metabolic 
rate measurements of man while resting or doing 
work during prolonged exposure to the spacecraft 
atmosphere and compare these results with those 
obtained in normal sea level environments. 


Endocrine/Electrolyte 

MOT 3 Bioassny of Body Fluids . Evaluate the 
endocrinological inventory- resulting from exposure 
lor extended periods to the space flight environment, 
to space diets, and to Sky lab workloads. Also, 
iaeililate identification of changes in hormonal and 
associated lluiil and electrolyte parameters as in- 
dicated in .samples of the blood and urine ol 
crew men. 

Neurophysiology 

Ml 33 Sleep Monitoring. Evaluate objectively the 
quantity and quality of inflight sleep by means of 
analysis of elretroencephalographic (EEG) and 
eleetrooculograpliie (EOG) activity. Mead movement, 
EEG, and EOG data are taken during regularly 
scheduled eight-hour >leep periods. 

Ml 51 Time and Motion Study. Evaluate the 
dilleronrcs, correlation, and relative consistency be- 
tween ground-based and inflight task performance of 
crewmen a> measured by time and motion determina- 
tions. 

SMEAT Detailed Test Objectives 
Habitability Considerations 

DTOTV? and DTOTi-8 Food Tray and SMEAT 
Food System. Test the acceptability- of food items 
developed for Skylab, the reliability of their packag- 
ing. and the functional adequacy of food serving, 
preparation, storage, and cleanup procedures. A 
special serving pedestal and tray and specialized 
utensils wen* used and evaluated. 

mVTFJI SMEAT Shower. Test tin* adequacy 
of weekly whole-body cleansing during 56 days of 
confinement in a Skv lab-type environment. The 
SMEAT shower was similar but not identical to the 
Sky lab counterpart. A hand-held nozzle supplied six 
pounds of water per shower. 

DTOTl 29 Housekeeping. Te>t the adequaev of a 
housekeeping system for keeping the Skylab-like 
chamber dean by use of the Apollo-developed 
vacuum cleaner. wipe>. tissues, disinfectant pads, and 
soap . 
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DT07I-30 Tersonal Hygiene. Test tin effective- 
ness of the Skvlab personal hygiene kit to main Lain 
an acceptable degree ot bodily rlratilincss between 
weekly showers. 

DT07I-27 Skylab trine System Operational 
Emluation. Kvaluale tin* Orbital Workshop uritn* 
collection system. 

Pli y siol ogy / H e aJ th 

DT07I-2 Effects of Skvtab Medical Experiments 
Mtitude Test on the Oral Health of ('reu- 
tnen. (lompare the microbial population dynamics in 
(lie mou |||> of SMI. AT crew men be I ore, during, and 
after the oh day trial and determine clinical!) the 
Hlecls of space-simulated environments on oral 
health, preexisting denial cares, and periodontal 
disease. 

DT07I-I8 Tests of the Inflight Microbiology 
i nit. Kvaluale the equipment system design to per- 
form basic diagnostic microbiology tests during the 
Skylab mission. 

DT07I-I9 Crew Microbiology and DT07I28 
Chamber Microbial Monitoring . Kxamine tin* ellecls 
of confineivient in a seinielosed ecosystem, the Skylab 
diet, and the Skylab atmosphere, with its reduced 
barometric pressure, on crew microbial burdens and 
on the microbial ecology of the SMI! AT chamber. 

DTO7I-20 Operational Ihoinstrumentation Sys- 
tem. Jest the Operational Hioinstrumentalion Sys- 
tem prior to it" use in Skvlab. ['he system is designed 
lo obtain physiological data during launch, <*\tru- 
vehieular activity, and return mission phases, I he 
OHS can also provide full time monitoring for an il! 
crewman. In SMKAT, the OHS was tested principally 
during exercise. 

Atmosphere Purification and Control Systems 

DT07I-4 S\1 EAT Chamber Atmosphere Analysts 
for Trace Contaminants. Identity and quantitate 
tract* contaminants in the SMI. M chamber atmo- 
sphere throughout the te>t to insure the >alelv ol the 
crew from toxicological hazards and to alert the 
existence of any hazardous condition. 
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DT07I 5 Carbon Monoxide Monitor. Kvaluale 
the performance ol a compact, portable device lor 
measuring the concentration ol carbon monoxide hi 
the chamber and for warning of dangerous levels l>\ 
visual and audible indications. 

I) TO 7 l b Carbon Dioxide! Dewpoint \loni- 

lor. K vali i ate the Skvlab flight configuration portable 
carbon dioxidc/dewpotnl monitor Irom tin* point ol 
view of performance anti procedures. Ibis test also 
provided data on variations in carbon dioxide anti 
dewpoint concentrations in a cIiuiuImt eonl iguralioii 
similar to Skvlab in volume and geometry 

DT07I 2(> Aerosol Analysts. .Provide real time 
count of particles in the SMKAT atmosphere h> use 
of a small unit with a display readout, lostllighi 
examination of fillers to determine the composition 
and probable source ol particulate contaminants was 
a part of this cl lort. 

J) T()7l-:i2 Command Module Carbon Dioxide 
and Odor Absorber Element Exposure Test. De- 
termine the stowage requirements lor odor absorber 
elements designed lor Use in Skylab. I his test was 
designed to verify whether the Skylab atmosphere 
causes unacceptable degradation ot the carbon 
dioxide ami otlor absorber elements. 

Data Acquisition 

DT07I -22 Skylab Data Acquisition Simula- 
tion. Test, on a noninterference basis, the opera- 
tional procedures involved in acquiring and processing 
biomedical experiment data in a moth* approaching 
that planned for Skvlab. 

SMEAT Results 

Tin* SMKAT Program lasted for the full scheduled 
5 6-day period. No major problems were encountered 
that threatened its success. A number of problems did 
develop, however, which required correction [trior to 
the launch of Skylab. In fact, it is generally con- 
cluded that the full attainment of Skylab objectives 
would be in some question were it not tor the 
contribution of SMKAT. These contributions were in 
the five areas of: 
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I Operating procedures. The SMEAT test pro- 
vided an opportunity to conduct complete tram 
training and to evaluate all procedures in a total 
mission context. As a result, a Sk\lab ’'team was 
developed which acquired both a mission identity and 
a conlidenee concerning il> capabilities lor mission 
control and support. L nquestionablv , major improve- 
ments were made in tram communication procedures 
and coordination during SMEAT. As a result. Sky lab 
could be approached with a si 1 use ol complete 
preparedness. 

-• Baseline biomedical data, (.-able information 
was obtained from virtually all ol tin* major medical 
experiments to In* conducted in Skylab. These data 
an* presented in later sections ol this report. Al- 
though different astronauts will participate in the 
actual Sky lah missions, tin- data obtained from the 
three erewmemlk-rs of SMEAT will prove invaluable 
when scientists attempt to differentiate between 
effects ol weightlessness and those effects due to 
other features ol the space environment. 

d. Impact on flight equipment. The SMKAT 
results were very beneficial in pointing the way 
toward redesign and improvement ol certain equip- 
ment items scheduled for use in Shy lab. Major and 
fundamental problems were encountered with 
medical experiment equipment including the urine 
volume measuring system, the metabolic analyzer, 
and the bicycle ergometer. Additional problems were 


encountered with use of the blood pressure measuring 
system and tile cardiolacliomelcr. Data were provided 
for all of these items which could be used in their 
redesign to insure complete acceptability for Skylab. 

4. Data collection and handling. At a number of 
places iti the data collection, storage, and trans- 
mission loops of SMKAT, the flow of data proved to 
be less than orderly. Although the schedule called for 
data to he dumped at prescribed points comparable 
to loose in the Skylab mission profile, data backups 
were experienced and the dumping points were 
missed. Improvements were made, and the entire 
process now appears relatively free of bottlenecks and 
ready lor use in Skylab. 

5. Frew issues. No apparent crew health prob- 
lems were induced by tin* atmosphere, semiclosed 
environment, or other test features of SMKAT. There 
was no appreciable degradation in crew performance 
over the period of the test. Significant individuai 
differences were noted, however, in the response of 
crewmembers to si-lect features of the test environ 
menl. For example, it appears that selection of diet 
must be more carefully tailored to the individual 
requirement!- and preferences of crewmemliers than 
was thought to be the ease prior to the SMEAT lest. 
In general, however, the three crewmembers of 
SMEAT performed excellently and provided a fund 
ol data from which to draw lor the improvement of 
Skylab procedures and equipment. 
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PROGRAM ORGANIZATION 


The Skylah Medical RxperimrnLs Altitude Test 
was documented in tin* SMKAT Program Plan 
published on 21 January 1971. This document 
describes the scope and objectives ol the program, 
the management system under which it would In* 
conducted, requirements lor eon figuration of the 
test facility, test control documentation, data 
processing, and detailed test objectives for the 
program. Revised in March 1972, the Plan pro- 
vided the overall structure for the SMKAT Pro- 
gram and served to coordinate the efforts of the 
many disparate groups working toward the SMKAT 
goals. 

Management Organization 

The management structure within which the 
SMKAT Program was developed is shown in 
Figure 2-1. Overall program direction was exercised 
by the Chairman of the SMKAT Steering 
Committee. The Chairman, operating through two 
Test Project Managers, had six principal areas of 
concern. These dealt with medical equipment sup- 
port, the provision of appropriate flight-rated hard- 
ware items to support the detailed test objectives 
of SMKAT; medical experiment coordination, the 
selection and development ol an appropriate set of 
medical experiments consistent with the goals of 
SMKAT and, ultimately, those of Skylah; flight 
procedures coordination, the meshing of the 
activities of the SMKAT Program with other JSC 
astronaut programs, and with those of Sky lab; 
reliability and quality assurance for program 
materials and systems; mission training coordina- 
tion, the establishment of appropriate training re- 
quirements and procedures for the diverse working 
groups needed to support SMKAT; and chamber 
test support, the configuring and maintenance of 
an appropriate test facility. 


During the course ol the SMI . \ I Program. the 
Steering Committee nut at regular!) sehedulrd 
times to review and resolve .status, problem*, 
progress, changes and milestones ol Lhe test pro- 
gram. Decisions ol the Steering Committee insured 
orderly progress and served to resolve man) ol the 
issues whieh arose during SMK VI . The immlicrs 
of this Steering Committee were: 


R. S. Johnston, Medical Research awl Operations 

Chairman Directorate 

J. C. Stonrsifrr 'Medical Research and Operations 

(Alternate Chairman) Directorate 
A. A. Mandell Mrdiral Research and O[»erutions 

Directorate 

W. If. Bush Medical Research and <)|»crat ions 

Directorate 


W . II. Shumate 

R. (]. Aldridge 
T. li. McEIrnurry 
D. R. Puddy 
C. N. Rice 

J . V Correale 

J . R. Trombley 

T. C. Snedecor 
L. T. Spence 
J . II. Chappee 


Medical Research and Operations 
Directorate 

Skylah Program Office 
Might Crew Operations Directorate 
Plight Operations Directorate 
Engineering and Development 
Directorate 

Engineering and Development 
Directorate 

Engineering and Development 
Directorate 

Administration Directorate 
Reliability and Qualit) Assurance 
Safety Office 


Medical Operations 

The SMKAT Program had a heavy medical 
orientation since a principal objective was to ob- 
tain baseline biomedical data on a number of 
medical experiments to be used later in Skylah. In 
addition, il was necessary to maintain close medi- 
cal surveillance of the subjects in the test chamber 
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in order to have a elear picture o! any < hange> 
wfneh mi^li t occur in these individuals as a lime- 
lion ol residence m a Skylah-type environmeii t . 

Should any health issues arise in SMKAT, it would 
lie necessary to make appropriate changes in the 
conduct ol Skylali mi order to preclude similar 
problems there. 

To insure proper coverage of medieal matters, 
a separate management structure, the SMI, A I Med- 
ical Operations leant, was defined as shown in 


Figure 2-2. thider the direction ol the Medical 
Team header, one Medical Officer was responsible 
tor crew health during chamber residence, another 
lor preparation and conduct ol medical experi- 
ments. and another lor medical isstie> related to 
SMI AT hardware items and data processing re 
ipiircnieiils. As seen in figure 2-2, each m* iIm al 
experimcul was under the direr -(ion ol a Principal 
Investigator. Since the scientists serving a> 1*1 s, in 
ntaiiv inslaiK es. were affiliated with universities 
and research institutes, a Primary Coordinating 
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Scientist, working at th** Johnson Space Center, 
was assigned to work with the Principal luvestiga- 
tor of each experiment. 

Chamber Operations 

For actual conduct of the SMKAT Test, a 
Chamber Test Team Organization was defined as 
shown in Figure 2*3. This figure indicates the 
chain of command for chamber operations, part of 
which is wen in Figure 2 4, and clearly spells out 


the importance given to conduct of tin* medical 
experiments. 

Prior to the beginning and during the conduct 
of the 56-day lest, a Test Management Operation 
Committee (TMOC) was lormed to serve in an 
advisory capacity to the Test Director. The pur- 
post* of the Committee was initially to institute a 
configuration control system and board and then 
to review the progress of the test during the 



Figure 2-3. SMEAT Chamber Test Team Organization. 


















PKOCRAM OK(» AM/ ATION 


fi h\ >. Tin* hommitlee assessed real-time prob- 
) v in > as ihi v occurred. < It'i I changes to lot 
protocol. released dail\ reports. and met with the 
news media. 

The committee was composed ol personnel 
rr present 1 11*5 tin* billowing organizations! 

Chairman Director of I jh* Seizures 

Members: drew Systems Division 

Astronaut < MTicr 
Biomedical Re>car< h Division 
Bioengineering Systems Division 
Safety ( I fl ire 

Typical problems requiring real-time derisions 
from the TMOC #ii 1 riM«i the 5 fi days ol testing 
were as billows: 

!. Revisions of the timeline to permit reruns 
on the inelahoiie analyzer when data ap- 
peared questionable. 

2 . Tlie elimination ol the Sky lab dewpoint 
instrument Irom the test chandler due to 
tlie erroneous readings. 


;t. Removing tlie Skv lab vacuum ( leaner Irom 
the S\IK\T due to ils poor pi rloiinanre 
and replacing it wilh the \pollo \aeimm 
(leaner. 

f. Redlining ihe amount ot erew exercise to 
be prrlormrd on the ergomeler to preclude 
additional failures prior to the eomliision 
of tlie .If m lay test 



Figure 2-4. (Chamber Operating Console. 
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Building 7 of the Johnson Space Center 
complex housed the altitude chamber in which tin* 
Sky la h Medical Experiments Altitude Test was 
eondueled. The chamber had been used in many 
other manned tests and wa> modified lor SAIL. A I 
to resemble tin Sky lab workshop. Figure 3-1 
illustrates tin* facility photographically and 
schematically . 

The main chainlier is twenty tec l in diameter 
and twenty feet high and i> constructed ol stain- 
less steel. Connected to tin* chamber, a> Figure. hi 
shows, are two locks in series. Kadi is ten leet in 
diameter and nine leet long. I fie chamber has 
fifteen viewports and seven penetration bulkheads 
around its circumference: both main locks also 
contain viewports and penetration bulkheads. 

An additional eighteen-inch diameter lock was 
attached to the existing bulkhead for the SMEAT 
test to permit transfer of small items, food, 
samples, and so on, in and out of the chamber. 
The philosophy under which the test was con- 
ducted tailed access to the chamber for safety 
reasons only. The transfer lock made this arrange- 
ment possible, f hr lock was sufficiently large to 
permit also the transfer of small pieces ol 


equipment lor calibration or repair. Items to be 
transferred into the chamber were prepared on a 
‘‘clean bench " located just outside the chamber 
where a downflow of air insured cleanliness. When 
a larger item of equipment hat) to be passed out 
of the chamber ami returned, the large manloeks 
were used. 

Kile support equipment. vacuum pump 
equipment, water supplies, and so birth, an* 
located outside the chamber. Monitors which 
provide readouts ol the status of chamber 

pressure, carbon dioxide, oxygen, and nitrogen 
levels flank the chamber. The crew could also 
monitor these parameters on a small digital display 
mounted in the chum her w all in the wardroom. 

In all essential respects, tin* chamber was 
configured to simulate the Sky lab Orbital 
Workshop Grew (Quarters. Kike the Orbital Work- 
shop, the SMEAT chamber provided approximately 
dHO square leet of floor area. In SMKA I , however, 
the grid -like floor of the Orbital Workshop was 
not used. These grids facilitate movement in zero g 
by allowing the astronaut to “fix' himself in place 
by means ol grips on tin? soles of his shoes. In a 
I g force field, such a floor would lie inadequate 
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Figure it-1 . Thr JSC rn-u system* division 20- fool diameter attitude chamber. The photograph 
on tin* lop njiht hand side show* the SMEAT Crew entering the chamber through the man iock. 


lor support and uncomfortable lor talking. A 
solid Hour was therefore used in SMEAT. For 
autlu'iiticity , the grid material wa> used on the 
(idling of the rhamiier a.** it i> in Skylab. 

The layout ol the main lloor ol tin SMEAT 
chamber is shown in Figure .{- 2 . This area con- 
tained a medical experiment area, hunk areas, a 
wardroom, a waste management compartment, and 
stow age facilities. The sreond man lock ac- 
commodated two bunks. One ol th* x sleep stations 
is shown in Figure 3-3. The third sleep .station was 
located within the main chamber area. This devia- 
tion front the Skylab configuration was necessary 


because it was not possible to simulate the Skylab 
sleeping arrangements in a gravity environment. In 
Skylab all three crewmembers occupy separate 
vertical sleeping compartments. 

The wardroom closely simulated the Skylab 
equivalent. The crewmembers took their meals 
around a circular food pedestal which was 
modified for unit gravity use by being lowered to 
accommodate the seated crewmen. 

The configuration of the waste management 
compartment also differed from the Orbital Work- 
shop arrangement. In I g, the urine and fecal 
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colleclion unit could not lx* conveniently |daced in 
the wall as is done in Skylah. In addition, because 
only oik’ crew man was to test the Sky lab urine 
collection unit, a conventional unit was also pro- 
vided. The sink also differed from the Skylah 
configuration lor l g operations. Figure .1-4 shows 
the SMEAT waste management compartment. 



W WASH BASIN 
E OFF-DUTY EQUIPMENT KIT 

Figure 3-2, Basie chamber layout, first floor. 



The remainder ot the main rhamher area was 
allocated to medieal experiments equipment. 

Location of the main items ol 'ijuipin'iil. the 
bicycle ergonieter ami the lower hod\ negative 
pressure device, can be stii in I* igured-J. I he 
shower, a collapsable, stowable e\ Imdrieal 

structure, wa* installed in the medical experiments 



Figure 3-3. SMEAT sleep station located in chamber lock #2 



Figure 3-4. The SMEAT waste management compartment. In the photograph at the left, the fecal 
collector is visible. At the right the sink can be seen. 
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area when each crewman war- lo lake |»i> weeklv 
shower. Figure '1-2 also indicale> the shower loca- 
tion. 

I lit* twentv -foot chamber ItatJ a two-level arrange - 
liii'ii t . Ilit' second level provided a quiet area in 
w h ieli llit' crewmen could work anti study in 
privacy. While there is no precise equivalent for 
this an a in the Skvlah Orbital Workshop, its use 
increased ihr fidelity of tin* simulation since tin* 
Skv lab contains an “upper level where equipment 
is slowed and various experiments other than 
medical experiments art conducted. The upper 
level in the SMI, \ I chandler liatl two access 

hatches anti w as reached b\ ladders. Figure d- 3 
illustrate^ of tin* second lloor o! the SMKAT 

ehamlHT. 

1 In* atmosphert* in the SMK \ I chandler simu- 
lated the Sky lab atmosphere. It was a two-gas, 
ox\ gen nitrogen breathing mixture (70;d0). The 
basic system which maintained this atmosphere, 

the Imiv iroimienlul Control Svslem. distributed the 
breathing gases. controlled the dewpoint (i.e.. the 
temperature and Immidilv ), maintained tin* partial 
pressure.-* ol the two gases at the required level, 
removed carbon dioxide, anti maintained the 


vacuum ncecssarv to keep the chamber at the 
5 psi level required to simulate the Skvlah 

operating pressure, lithium hydroxide canisters 
installed on the second floor ol the chamber and 
a carbon dioxide injection system maintained the 
desired carbon dioxide levels. 

Monitoring device" destined for use in Skvlah 
were also tested during the SMKAT exercise. 

These included a carbon dioxide and dewpoint 
monitor, a carbon monoxide monitor, devices lor 
sampling potentially toxic gases at trace levels and 
equipment lor sampling the particulates in the 
chamUr atmosphere. 

The food s\ stein to he used in Skvlah is 
essential to tin* conduct of the medical experi- 
ment.". Ibis sv stem was therefore tested during the 

SMKAT study. 

Skvlah data collection techniques were also 
used. Til.* mam data collection post was located 
outside the chamber facility building, in 

building dh of the Johnson Space (’enter complex. 
This arrangement was also a faithful simulation ol 
the Skvlah situation. During operational missions, 
this building houses data collection equipment and 



figure 3-5. The second lloor ot the SMKAT (Chamber. At llic right, the SMKAT Commander is shown working at one 
of the desks located on the second level. Note the grid-like lloor installed to enhance the 
authenticity of the chamber simulator 
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is tin' base* of operations lor the principal investi- 
gators of medical cxperimeiiLs, as it was during the 
SMK AT lest. 

Essentially all items of equipment inteniJed lor 
Skvlalt application were verified. Crew sleep 
restraints, clothing and the other crew furnishing 
tested are deserihed in this chapter and evaluated 
in (Chapter 21. the Crew Report. Medical accessor) 
items are discussed in the appropriate chapters and 
a!>o evaluated it) the Crew Report. 

It should be noted that Environmental Control 
Suh>\ stems wen* characterized by a considerable 
amount of equipment redundancy to insure that 
the 36-da\ mission would be successfully 
comple ted . The successful completion of the 
mission mu>l in large measure he a tlributcd to this 
redundant) plan. 

Environmental Control System 

The environmental Control System established 
and controlled t fie SMEA I atmosphere. I he 
atmospheric composition ol the chamber was as 
lollows: 

Total chamber 

pressure 4.85 to 5 1 5 psia 

Oxygen partial 

pressure 3.5 ±0. 10 psia 

Nitrogen, 

water vapor 1 5 ± 0.05 psia 

(C0 2 = 4-5.5 mm Hg) 

Dew point temperature 45 — 57°F 

Dry bulb temperature 67 — 78°F 

Air velocity 1 5 — 30 feet/mm vertical 

The Environmental Control System consisted 
of five separate subsystems: (I) Air distribution 
and dewpoint control, (2) Two-gas control, (3) Cas 
a n a! \ >is, (4) Carbon dioxide removal, and 
(.*>) Vacuum bedding. 

Air Distribution and Dewpoint Control. The 
atmospheric gas was circulated by the chamber 
air-conditioning subsystem blower through ducting 
into the crew ba\ The gas distribution subsystem 
(shown x heuiatieall) in Figure 2-6) provided for 
pickup of moisture, heat, and carbon dioxide 


produced by the crew and from air which had 
leaked into the chamber. Inlioard leakage wu* 
0. 1 3 psia. 

Cas flow into the chamber was controlled by a 
flowmeter in the chamber air-conditioning >\>t« , ni. 
The velocity of the air within the chamber war- 
controlled by louver> in (lie ceiling ol the lir>l 
floor. These were present prior to the lest and 
could be adjusted by the crew within the 
chamber. 

Specified temperature and huniidit) was 
maintained by circulating the chamber atmosphere 
over condensing coils xl to obtain the desired 
dewpoint and over electrical heating elements to 
maintain the desired temperature in the crew bay 
The ambient ga> temperature was maintained using 
a temperature controller in the rhumlwr air-con- 
ditioning suhsvstrm. Return air temperature was 
sensed and utilized h\ the controller to operate 
immersion-tv 'pe heaters to achieve the desired 
reading. 

The Sky lab Orbital Workshop is equipped with 
a portable device for measuring carbon dioxide 
concentration. humidity, and ambient gas 
temperature any where within the Sky lab cluster. 
This device permits detection of local concentra- 
tions of carbon dioxide and water vapor that 
might influence the results of medical experi- 
ments. The device was used in SMK AT to provide 
data on variations in carbon dioxide and dewpoint 
concentrations to pinpoint areas of poor mixing 
and air stagnation within the ehamlH*r. The test 
also permitted an evaluation of the procedures lor 
making measurements with the instrument and its 
performance. 

The device, shown in F igure* 2*7, measures gas 
and dewpoint temperatures Irom 40° to 100° F 
and carbon dioxide partial pressures Irom 0.1 to 
30 mm Hg. It features separate, direct readout 
meters for carbon dioxide partial pressure and gas 
temperature/de wpoint temperature. Its use during 
the* SMK AT exercise indicated there* was no signif- 
icant concentration of carbon dioxide* or water 
vapor in the* eliambtT. Some* problems were* en- 
countered with drill and response times, but these 
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the tii tro<£«*ti solenoid valves wrrr open, tin* (wo 
parallel oxvjrrn solenoid valves wen* closed. Tin* 
ipiautitY ol nitrogen e;as delivered was sensed b) a 
flowmeter downstream of the solenoid valves. 

Gas twi/y.vi*. When the pressure in the 
SMIv\T ehamlMT fell helow tin* preset point ol 
5.0 p>ia, the regulators sensed the pressure drop 
and opened to allow «:js deliver) to the chamber. 
Tli e eas ana(\ sis system sampled t hi • atmosphere 
for specified temperature, humidit). earhon 
dioxide, nitrogen, and nxvjom concentration. 

II the oxygen concentration wa^ within the set 
limits (175 to IHOmm ll^h nitrogen wa> supplied 
lor injection into the churn her. II the oxxgen 
concentration was low. oxygen was injected until 
the pressure limit or eoueen (ration limit vva> 
reaelied. No gas was delivered when tin crew ha\ 
pressure was above 5.15 psia. 

Oxvjien partial pressure was sensed hv an 
oxvgeii analyzer. whose sample pickup was in the 
return air duet ol the air distrihnlion .system. I lie 
sample pickup sensed the average eoneenlratioii ol 


own'll in this moving stream to obtain a 
concentration that would he most representative ol 
the entire crew ba\ . The gas sample w a-' then 
su hseipien ll\ sensed hv a eariion dioxide aualv/cr 
which controlled (d).,. 

(.arhoii Dioxirfr lirmoiat. figure .Pt illustrates 
the earhon dioxide control system. t.arhntk dioxide 
level was controlled bv tin* use ol an Apollo slut Ian 
(located in a duet oul-ide the chamber) which 
circulated atmospheric ga> through the lithium hv 
droxide (Lit HI) asscmhlv w Inn required lor carbon 
dioxide removal. When tin 1 return measured amount 
ol earhon dioxide was at or below lo mm llg. the 
\ polio suit Ian was m the '( )| I com lit ion . \\ lie n l lie 
earhon dioxide level rose above 5.5 mm llg. a valve 
was automatieallv opened to allow Mow through the 
I II )|| assembly . The How continued until the level ol 
1.5 min I |g ol earhon dioxide was reached. At the 
lower earhon dioxide level, (lie llow automatical!) 
shut oil and remained oil until the upper level was 
reached again. Il the ga> removed Irom the chamber 
hv tin- vacuum pump lowered the earhon dioxide 
level to (mm Me. an injection system added earhon 
dioxide until the level ol 5 turn lie was restored. 
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At test initiation, the carbon dioxide level increased 
three times as fast as the experted Skvlab profile. Tins 
occurred because tin SMI, A I chamber volume was 
approximately one-third that ol Skvlab. 


Atmosphere Contamination Detection 
and Contaminant Control 

\ny long term habitation in a closed environ- 
menu and the SMK VI chamber svas a relativciv 
closed ecosystem, introduces a possible toxic 
lia/ard a?* a result ol buildup <»1 various eases and 
particulate matter, including microbes. in tin 1 
breathing atmosphere and on chamher surfaces, 
(leaning solvents, oulgassing ol equipment, de- 
composition ol nomnetalhe material, and human 
metabolism and respiration all contribute to 
atmospheric eoiitaminalion. Mieroliial eontamina- 
lion can be caused by activities such as loot I 
preparation and consumption, waste munageineii t, 
and personal hvgicne. 

Analysis ol t lie chamher atmosphere lor con- 
taminants during the SMI! VI test provided 
assurance ol (he salety ol tin* erew throughout the 

davs ol t Itamher residem t Some ol the 
sampling equipment was also intended lor use in 
Skvlab. and the SMI. \ I exercise permitted evalua- 
tion ol this equipment and the techniques 

emplov ed. 

Control ol atmospherie contaminants was 
accomplished by three principal methods: absorp- 
tion, filtration, and leakage. \lmosplicric control 
methods and sampling methods are discussed in 
the following sections. 

Carbon Dioxide* Trace Cas y and Inarticulate 
Control, Carbon dioxide was removed from the 
chamber atmosphere b\ use ol a lithium 

hydroxide chemical absorption bed containing a 
layer ol approximatelv ICO cm of ac tivated charcoal. 
Iltc absorption led was changed during tlie test at 
least once every dav . The activated charcoal contri- 
buted also to the removal ol poteuliallv toxic eases 
present in trace amounts, as well a> to tlie removal of 
odors. 


The SYlIvVI test provided an opportunity to 
select the optimum method of stowing the LiOli 
canisters during the Sky lab mission. Canisters lor 
Skvlab are stowed on SCI at launch time. Prior to 
SMI AT, plans called lor slowing the elements 
un bagged in stowage lockers. SMKAT testing dis 
closed that lie unbagged elements swelled uiiac- 
ccplahlv : this is a critical flaw because the LiOli 
elements an* designed for a tight lit in the en- 
vironmental Control Svslem. On the basis ol 
SMKAT testing, it was recommended that IjOII 
elements be sealed in gas impermeable bags during 
Skvlab missions in both the Command Module and 
tin Multiple Docking Adapter to prevent the 
swelling problem. 

I he humidity eoutrol system aided in part in 
the removal of trace gas contaminants, especially 
the water soluble compounds. Tlie air-conditioning 
system recirculated the chamber atmosphere 
through a series ol cooling coils, condensing excess 
water and, at the same lime, water soluble trace 
contaminants. 

The crewman himself acted as a contaminant 
removal system since respiration removes certain 
contaminants from the atmosphere, absorbing and 
partially metabolizing some of these. The respira- 
tory system also removes a certain number of 
particulates. Hn hulk of the particulate matter in 
the chamber was removed b\ housekeeping operat- 
ions and by entrapment in the atmosphere filtrat- 
ion sv stem. 

Trace Contaminant I detection. Trace gases were 
analyzed by whole gas sampling and rrvotrapped 
sampling. Carbon monoxide was detected bv use 
ol a special monitor. 

Whole gas sampling was accomplished daily by 
a sample acquisition system connected to tin* 
chamber air-conditioning return duet (figure. MO). 
A two-stage diaphragm pump provided the sample 
flow t ron i the chamher to tin* sample cy linder. 

All quantitative data were obtained by analysis 
ol tin* whole gas samples. Analysis of cry o trapped 
samples provided detection and identification of 
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trace contaminants in concentrations Im’Ioh tin 
detection limit lor (lie whole gas samples. 
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Figure* 3-10. SMK A T whole-gas sampling system. 


One eryotrapped sample vva> taken each vvce*k 
throughout SMKAT. The eryotrap system consisted 
of a stainless steel fiOO-ec ervotrap (Figure 3-1 I ) 
tooled in liquid argon with a diaphragm pump 
downstream from tin* trap. 
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Figure 3-1 1 . Kryotrap used lor SMK AT sampling. 


\nal\sis of tin- whole ga> samples resulted in 
the idenlifieation am] q ua n I i lu lion < >1 - > 

eompounds as eonlaminants in tin* elianiher atmos- 
phere. Table 3-1 is a summary ol these c om- 
pounds. 

Anal) sis of tin- eryotrapped samples resulted in 
(he deteelion ami identilii alioti ol ten compounds 
not detected in tin* w hole gas samples. I he con- 
centrating edlerl ol tin* crvolrap technique make- 
possible the deteelion of these compounds at a 
lower concentration level than in the whole gas 
sample anal) sis. Tahle 3-2 lists all the compounds 
detected ill the eryotrapped samples. 

Levels of carbon monoxide in the SMI . \ I 
chamber were measured lay a monitor which was 
lifintr evaluated lor possible Sk\ lah iis< lln* moni- 
tor contained a readout available to the crew and 
also provided an alarm should the reading ol 
carbon monoxide exceed a value ol I * mg per cubic 
meter. The instrument did not perform satisfactorily 
during SMKA I' and was eventually passed out ol tin* 
chamber altogether. 

Microbial Contaminant Detection. Prolonged 
confinement in a closed or semielosed eeosx'stein 
typically produce's some 1 alterations in the l) pe 
and/or distribution of the human mieredlora. Such 
change*.- have 1 been seen during t lie 1 relative !) brie f 
Apollo mission. TheTclore. a special lest was pe*r- 
formed during SMIvA I to asse ss the- impact ol 
.lb days of isolation and e-onfinement in a 
Skylab-- type env ironmeml. This lest anel ds results 
are extensively described in Chapter F>. 

Metal sampling strips were* placed throughout 
the chandler for the 1 environmental phase- of the 
inierohiologiial study. The strips were- placed verti- 
cally at varieuis locutions on tin* chumlrr walls 
anel horizon tally under the* air griels in the plenum 
area. In the* course of the studv , these 1 strips 
be-came- extre*mely dirty, parlie tiiarly in the 1 wasle 
manuge-meml eemipartme-n t. This issue 1 is discussed 
further in the* Crew Report ((Chapte r 2 1 ). 

Particulate Contaminant Detection* A special 
particulate contaminant detection study was con- 
ducted during SMFAT to gain experience with the* 
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Tabled I 

Contaminant^ Hound in SMKAT Chamber Atimiqdirrc Sample* 



Maximum 

Concentration, 

ppm 

Major 

Concentration 
Range, ppm 

Compound 

Acetaldehyde 

72 

5-58 

Acetone 

28 

2 5 28 

Acrolei n 

8 (MAC =0.16)* 

0 to 6 

Benzene 

<1 

0 

2 - Butanone (MEK) 

20 

<1 - 12 

Carbon Monoxide 

4.8 

25-4.8 

Chlorotrifluoroethylene 

2 4 

<1-24 

Dichlorodifluoromethane (Freon 12) 

1.7 

<1 

Ethane 

<1 

0- <1 

Ethanol 

77 

1 - 75 

Fluorotrichloromethane (Freon 1 1 1 

<1 

0 

n • Hexane 

1 

0- <1 

Methane 

125 

50-125 

Methanol 

110 (MAC=9) * 

7 - 100 

2 - Methyl -1,3 butadiene 



(Isoprene) 

0.7 * 

0-0.6 

Methylcyclohexane 

<1 

0 

Methy Icyclopentane 

1 

0- <1 

Propane 

1.2 

<1 

2 - Propanol 

14 

<1 - 4 

Toluene 

<1 

<1 

1,1,1 - Trtchloroethane 

<1 

0 

Trichloroethylene 

<1 

0 

1,1,2- Tnchloro - 1 , 2, 2 - 



trif luoroethane (Freon 113) 

10.6 

1 3. 8 

Trifluoromethane 1 Freon 23) 

<1 

<1 

m - and p - Xylene 

<1 

0 


* Johnson Space Center preliminary design requirement McDonnell Douglas values for long term 
environmental/thermal control and life support equipment 


procedures ami to verify tin equipment to he used 
in the Skylab Inflight \erosol \nal\*i* Experi- 
ment, T-0()d. 

The T-OOd experiment m»‘asun*s the distri- 
bution oj particulate matter by two systems: the 
real-time count of particles at specific locations 
within the chamber and by collection of these 
particles by impaction and filtration after they 
have passed through tin* real-hue eounting portion 
ol the instrument. The latter function allows 
assessment of each particle s composition and its 
probable source by the morphology ol the par- 
ticle. The experiment was run from day 208 (the 
start ol simulation test) to dav 244, when the 
analvzer was removed Irom tlie chamber. 


The experiment results indicated that meal 
preparation gave rise to large numbers of small 
particles by emission during heating of the micro- 
wave oven. Personal hygiene was also a prolific 
source of airborne particles. Hating and housekeep- 
ing, which stirred tip dust, were the other signifi- 
cant contributors. 

Mechanical Systems 

Conduct of tin* SMKAT lest required the use 
of various ineehanical systems, A pumping system 
was needed to maintain the subatmnspheric 
chamber pressure. A special lire suppression system 
was employed. Creat care was given to tin* dcvel- 
onmenl of thC system for two principal reasons. 
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SMFAT (iryotrapprd Sample Analyses 


Concentration Index 
(Freon T 13 - 100) 


Compound 

7/28 

8/4 

8/11 

8/19 

8/26 

9/2 

9/7 

9/16 

Acetaldehyde 

1131 

593 

221 

119 

42 

149 

202 

652 

Acetone 

40.: 

135 

212 

46 

8 

41 

31 

160 

Acrolein 

36 

14 

4 

3 

<1 

4 

5 

10 

Benzene 

18 

31 

12 

2 

<1 

3 

2 

<1 

2-Butanone (MEK) 

308 

85 

168 

34 

8 

27 

5 

66 

* 1 - or 2 - Butene 

13 

10 

<6 

4 

<1 

4 

<3 

<5 

* Carbon Disulfide 

ND 

ND 

* * 

ND 

ND 

ND 

ND 

ND 

* Chlorodifluoromethane (Freon 22) 

18 

46 

6 

26 

<1 

18 

3 

10 

Chlorotrifluoroethylene 

52 

42 

7 

9 

<1 

10 

<3 

8 

Dichlorodifluoromethane (Freon 12) 

306 

742 

108 

56 

7 

88 

37 

65 

* Dichlorofluoromethane (Freon 21) 

100 

163 

9 

22 

2 

20 

- 

17 

Ethanol 

1178 

201 

534 

64 

394 

180 

612 

4219 

* Ethylbenzene 

2 

2 

3 

<1 

<1 

<1 

<1 

1 

Fluorotrichloromethane (Freon 11) 

- 

- 

- 

6 

1 

5 

4 

6 

n - Hexane 

8 

3 

19 

2 

<1 

2 

1 

2 

Methanol 

84 

35 

58 

17 

6 

52 

24 

152 

2 - Methyl • 1 , 3 - bu tadiene ( 1 soprene) 

8 

- 

6 

2 

<1 

3 

1 

5 

Methylcyclohexane 

5 

4 

14 

<1 

<1 

1 

<1 

1 

Methylcyclopentane 

17 

10 

18 

1 

<1 

6 

2 

22 

* 4 - Methyl - 2 - pentanone (Ml BK) 

8 

5 

3 

1 

ND 

ND 

ND 

ND 

Propane 

26 

13 

12 

9 

<1 

11 

5 

20 

2 - Propanol 

357 

32 

37 

- 

- 

- 

- 

213 

* Propyl Acetate 

6 

- 

7 

- 

ND 

ND 

ND 

ND 

* Tetrachloroethylene 

< 1 

<1 

<1 

< 1 

<1 

<1 

<1 

<1 

* Tetrahydrofuran 

43 

8 

3 

< 1 

<1 

16 

8 

89 

Toluene 

48 

25 


10 

3 

17 

9 

29 

Trichloroethylene 
1 , 1,2- Trichloro - 1, 2, 2- 

26 

41 

35 

4 

<1 

5 

2 

37 

trifluoroethane (Freon 113) 

100 

100 

100 

100 

100 

100 

100 

100 

Trifluoromethane (Freon 231 

115 

128 

101 

100 

8 

131 

56 

189 

m - and p - Xylene 

5 

4 

6 

2 

<1 

2 

<1 

4 

* o - Xylene 

1 

- 

2 

1 

<1 

<1 

- 

1 


ND — Not determined 

* — Not detected in whole gas samples a dash ( -) means none detected 

# — A trace was detected 


First, rapid ingress and egress are undesirable in an 
altitude chamber because of the inherent decom- 
pression risk. Secondly, fire poses a special hazard 
when large concentrations of oxygen are present in 
the atmosphere, as was the case in SMFAT. An 
additional chamber safety system provided the 

Test Conductor with single switch response in case 
of any chamber emergency. One other major mod- 
ification of the twenty-foot chamber was the 
addition of an eighteen-inch diameter lock for 


SMFAT. All major mechanical system are de- 
scribed in the following sections. 

Vacuum System . Two Roots-Connersville 
blowers hacked by a l,000cfm Beach Russ pump 
comprised the vacuum system for chamber evacua- 
tion. The pumps were controlled from the 
chamber control console in the control room and 
were used to establish a 5 psia pressure at the 
startup of the test. These pumps were then 
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isolated I rote ihr i ImiuImt and s-i ured (nr standby 
|>lir|K)X *>. 

(•as Mow evacuated Imm the chamber was 
controlled manually by small needle valves located 
al lilt sy>h *m nm trol . Ibis console also 

eoiitained a How inch r which was used lor balanc- 
ing (hr chamt»cr gaseous environment and a vacn- 
ii in gauge which activated a warning light on (In* 
s\ slrm console to indicate a vacuum risr ahovr a 
pivsrln led l»*\rl (lOtorr). \ pneumatically actu- 
alrd vacuum isolation valve automatically staled 
ihr vacuum holding system from 1 1 it - chamber 
should chamber emergency r< piv^urizaliou lie initi- 
aled. The \aeiinni s\s|eui anti « mergem \ repress- 
un/alion system are illustrated in Molin' M2. 


VACUUM HOLDING CM AMBI K VACUUM f f ’ 
pump*; PUMPS CONTROl 


a 


,s 


l MlHVAi 

\ M t’K ‘ SS 

. CONSOL L \ * 

* 

» * 


EMERGE NCY RtPRE SS 
V Al VES 


SM t A * 

CHAMllI U 


\y 


« 





I'imirr d-12. V at limn and rt'pre-suri/.ilioh systems. 


In addition to the eltamher vacuum system, a 
spei iut medieal experiment vaemim s\ stem was 
ineluded to provide tor the needs id the metabolic 
analyzer e(]ui|»inent and the lower hod\ pressure 
device. Ilie vacuum was provided h\ two high 
I.IUHIIII pumping systems eoutrolled at sell-eon- 
tained consoles. \ vacuum isolation valve sealed 
tile system iroin the experiment in the event of 
chamber emergency re pressurization. 

ti e p r e s sur t z a t ion S y x t e m . Normal 
repressnrizalion took place al a variable rale which 
was controlled by the chandler operator in accor- 
dance with the approved te-l procedures Emergen- 
cy repressurization was independent of normal 


repressuri/.atioii and was accomplished through ihr 
use of ten valves located on the chamlx t lid. 
Emergency reprcssurizalioii was a manually initi- 
ated procedure vvhieli could he accomplished in 
ihr control room or initialed by the crewmen 
themselves (rum within the chamber. The ehaiiihcr 
and inner lock could In- re pressurized from 

27,000 feel (o psia) to sea level in nine seconds. 

tire Suppression and Detection System, The 
SMI. A I crew ha\ compartment was equipped with 
a water delude lire suppression system, shown 
schematically in EigureMd, This system was de- 
signed to deliver water at the spray nozzles within 
two seconds ol system activation. The spray 
nozzles were located throughout the chamber so 
that, when activated, water was sprav cd al angles 
that wet all chamber surfaces. Kupture disks sealed 
water in tin lines and. upon activation, ruptured 
at a water pressure of do psi into the chamber. 


HR! WATER MAIN (60 P Si 1 



Him re -Mil. Kin* suppression system. 


Water sprav could he activated by the Test 
Director from two locations in the control room 
or by the crew trom within the chamber There 
were live locally controlled lire hoses for Use by 
the crew. 


The efficacy of the lire suppression system was 
carefully assessed prior to the SMI. AT lest. A 
quarter scale mockup was built and tested to 
insure that it would he possible for crewmen to 
breathe when the deluge system was in operation. 
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The mockup study verified that lin n* would hi* no 
problem in this area. 

Two tv | M’s of sensors comprised the lire detec- 
tion >\>li in, a rale-of-risr sensor ami an ultraviolet 
sensor. These sensors were located throughout the 
crew compartment. Activation of any detector 
would have hern displayed to the lest Director 
and to a display panel centrally located in the 
erew compartment to provide location information 
for any possible lire. An audible alarm would alert 
the crew. 

The lire suppression and detection system 
worked well during pretest cheeks and wu- contin- 
uously monitored during the test, hut, fortunately , 
was never activated lor eanse during the lest. 

Safely System. A special safety system was 
provided which interlaced with the chamber 
control and water deluge systems, litis system 
provided the Test Conductor with single switch 
response in the event ol chamber I in*, smoke, or 
emergency repressurization. It also permitted him 
to terminate chamber power should this lx* re- 
ipjired. 

Redundant methods lor activating all control 
functions were provided. \ II lunctions that had to 
he energized could he turned on from redundant 
parallel circuits, ami all operating functions that 
had to he deenergized were turned oil Irorn 
ndundant series control circuits. Power for the 
safety system was normally supplied from the 
house direct current or site power: the safety 

s\>lrm could he transferred automatically to bat- 
tery power. 

Functions controlled by the Test Conductor s 
panel switch could only he canceled by him. I* ire, 
smoke, ami emergency re pressurization indicator 
lights were provided at the Chamber Operator s 
and Medical Officer s consoles. Activation ol the 
emergency system was never required during the 
test. 

Safety criteria also required that a secondary 
environmental control system he available in the 
event ol any malfunction of the primary system. 


To meet this requirement, oxygen ma.-k." were 
provided. These were* equipped with umliilieals 
long enough to allow (lie crewman to breathe 
while egrensing. They were located in the work 
and sleep areas ol the chamber. I In mask" were 
of the quick-don, lull-fare type, incorporating a 
smoke protecting Inis. Farli ma>k had a valve (o 
lie turned on hv the crewman. 

Ijiphtittf* and Eower. Tin* lighting system was 
designed to simulate tin- Sky lab light levels as 
m arls as practical. Kighlcen limr-foot lluoreseenl 
light li\tiire> were used for area lighting. I he 
lumen output could Im- varied Irom lh< maim 
facturer s specified maximum output lo zero. 

The Sky lab light level was adjusted helore the 
lest began to within one hall loot-caudle ol the 
Sky lali requirement. Prototype light lixliircs were 
subjected lo comprehensive tests at A p>ia and 
|0() percent carbon dioxide to determine beat rise and 
estimated lamp life ami to verily salrty features. 

The normal electrical power tor the SMI , A I 
chamber was supplied by Houston l ighting and 
Power Company. In the event of a power iailure, 
critical power supply would have been automati- 
cally transferred to a natural gas driven generator 
that was rated for continuous operation lor On 
SMFAT load imposed on it. 

Power and emergency repressurizatiou was pro- 
vided by battery -driven redundant DC/ AC con- 
verters with an automatic transfer feature to the 
standby unit in case oi failure of the primary 
unit. Within the charnl>er, zero gravity l\ pe outlets 
were placed at optimum locations to provide 
power for experiment requirements. 

Equipment Transfer Loek. A small airlock (in 
Figure .M 4) installed on an existing chamber pene- 
tration was used for transferring items, such as 
food, clothing, and waste materials into and out 
of the SMFAT chamber. A transfer basket was 
used inside the lock to aid in transferring small 
items. The lock measured Iff inches in diameter 
and 24 inches in length and was sealed from the 
chamber by 20 inch diameter air-operated gate 
valve. This gale valve was electrically interlocked 



sk> I \U MKDICAI. KXPKKIMKNTS A I /I I I I !>K TKST 


.114 


■n 


TO INNER LOCK 
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OPERATOR 5 CONSOLE 
AMBIENT 

EQUALIZATION VALVE 
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PRESSURE CAGE 


S..FETT CONSIDERATIONS 
20 IN CATE VALVE 
CREW ACTIVATE SW 
20 IN GATE VALVE' 

OUTER DOOR INTERLOCK 
CREW REACT TO TRANSFER LIGHT 


— CHAMBER 
EQUALIZATION 
VALVE 



OXYGEN TILL LINE TO BE 
ATTACHED HERE 



Figure 3-14. Kqiiiptnent lran>ler lock 


to require activation by liotfi (nluiHian and 
crewman. Ill i> prevented the valve Irotn being 
opened inadvertently with tin lock outer door 
open and prevented valve closure without crew 
concurrence. In this way chamber eon taniination 
and injury were avoided. hvactiulioti and re pressur- 
ization ol llit- transfer huh was man nulls con- 
(rolled at t lie lock outside (lie chamber, with 
vacuum provided h\ tin* cfiauihcr inner lock vaeu- 
urn pump 

Water and Waste Management 

The SMKAT study provided an opportunity to 
lest Skylah water and waste manage me ii t facilities. 
Prior lo the design ol sv struts lor Skylah, only 
tlie most basic provisions hud been made lor body 
cleansing during space missions. I rine and iccal 
collection measures have been highly unacceptable 
from the psychological viewpoint and inadequate 
from the viewpoint ol good sanitation. (»real dif- 
ficulty has been experienced by crewmen in collec- 
ting (real matter in weightlessness b\ the use ol a 
hand held plastic hag. Only small wipes were pro- 
vided for washing the body. 

Skylah facilities for water and waste manage- 
ment present a significant advance over those used 
previously. The Orbital Workshop features a sepa- 
rate waste management compartment. Provisions 
have also been made lor weekly showering. I he 
shower is a relatively unsophisticated device, but it 


represents the hrst step toward whole body cleans- 
ing in space amt it is tin- cleansing method ol 
choice of most crewmen. 

The SMKAT < handier simulated the Skylah 
water ami waste management systems in all essen- 
tial respects. Minor modifications were necessary 
lo adapt the >\ sterns to use in a I g environment. 
Ihe testing proved lo lie a \er\ valuable experi- 
ence. ll disclosed, lor example, that the urine 
collection system hail major deficiencies and re- 
quired redesign lor Skvlab application. I In* leeal 
collection s\slcm. on the other hand, functioned 
satisfactorily Ihe showering facility was a greaT 
success. Ihe following sections discuss these 1 Hid- 
ings in detail. 

Potable Hater System . Tin* potable water 
system supplied all in-chamber water needs. It 
consisted of an external portable lili tank, a 
stowage tank, hoi and eold continuously circu- 
lating water systems, food preparation pedestal and 
individual water guns to provide drinking ami lood 
reconstitution water, a wash basin, and a shower. 

( )uc of the drinking water guns and tin* eold and 
hot food reconstitution port" on the lood pedestal 
were of Skvlah configuration. The water dupli- 
cated Skvlab quality in leitqierature, pressure, and 
chemical constituents including iodine treatment. 

The waler was delivered in three water loops 
at 41° I , Il’.rF. and ir>0°F±.7 J F (as in .Skylah). 
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Water was supplied lo all three loops from a 
IK) -gallon supply lank pressurized lo 20 psig. A 
second .10 -gallon lank was used to transport water 
from Islington Air Force Base (also the source of 
Skylab water) to the SY1FAT chamber. The water 
was sampled before removal from Kllinglon to 
verify that quality met Skylab specifications. It 
was sampled again at each transfer into tin* suppl) 
tank. Additional samples were taken from the 
supply tank at one-week intervals for the entire 
duration of the test. Iodine was used to prevent 
bacterial growth. The eon ten Ira lion was 1 ppni in 
the drinking water. Figure 3-13 diagrams the 
potable water s\ stern. Separate water loops were 
as follows: 

1. 43° F loop - c irculated to the cold water 
drinking guns and cold water food reconstitution 
dispenser at the food pedestal. Cold water from 
this loop was also circulated to the shower cold 
water fill valve. 

2. 1 21° F loop - circulated to the water basin 
lor washing and shaving. 

3. 1 50° F loop • circulated to the hot water 
food reconstitution gun at the food pedestal and 
to the shower water fill valve. 


SMKAT provided an npportunit) lo simulate 
and evaluate a Sk\ lab-tv pe shower, lire configu- 
ration was not identical lull resembled tin 1 Skylab 
model in appearance and operation (Figure 3-10). 

The shower enclosure consisted of a cylindrical 
wall composed of 'two-pass beta cloth with four 
ring stiffeners. The enclosure was 70 inches high 
and 33 inches in diameter, open at tin* top with 
an aluminum pan at the bottom. Iln* nozzle 
assembly consisted of a liete fog nozzle No. 30801* 
plumbe d to 76 inches of 3/8-inch diameter con- 
volex flex tubing with a quick-disc oimect lilting at 
the ceiling level. The nozzle* was hand-held by the* 
crewman using the unit. When the shower was not 
in use*, it was stored collapsed under a chamber 
bunk. 

When a shower was scheduled, the wate r lank 
was filled with hot and cold wate r to arrive* at a 
mixed ‘'use 1 ' temperature of 107° to I I0°F. Iln 
water tank was pressurized initially with nitrogen 
to 33 psia. This pressure* was decreased to approx i 
niately 10 psia at the* completion ol each shower 
period. As planned lor Skylab. six pounds of water 
were used per shower. 

All three* crewmen showered on the same da\ . 
At the end ol the scheduled showers, the drain 



Figure 3-15. SMKAT potable water system. 
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^ ipn rr 3-10 the SMr. A I shower 


tank was passed outside tin- chamber through the 
transfer look and sample* won* taken lor analyst. 

Housekeeping Systems. Ilotisckee p jng 
equipment consisted of wipes, tissues, lx 1 lad i nr 
pads* \eutragena soap and the Apollo vaouiiin 
(’leaner. l l sed washcloths and towels were saved 
and used for cleaning. Fnused components of lhc‘ 
clothing modules were also used as rags (two ol 
the crewmembers did not wear die undershirts 
provided with their clothing modules). 

The Apollo vacuum cleaner was requested and 
used after the SMKAT mission started because tin 
Skylab unit did not generate enough suction to 
remove debris from the chamber. After tnodili- 
cations It) the Skvlah unit’s inlet nozzle, the 


operation was slighllv more effective. The Apollo 
vacuum cleaner was designed for lunar missions 
and is powered with an Apollo suit eonipressor 

with a three-fool *uit hose connected to the inlet 
side’ of tin 1 28-volt, 400-cycle three phase motor. A 
bristle brush is attached to the end of the hose, 
and a catch hag i* connected at the rear ol the 

unit to hold particles. Figure 8-17 shows the vacu- 

um cleaner in use. 

Personal Hygiene Systems. In addition to the 
shower alreadv descrilied, personal hygiene facili- 
ties included a Miiall S!\1F AT-specif ie *ink for 

welting washcloths and the 1 Skvlah personal hv- 
r j i 

iiinir kit. Table *i-d lists the’ contents c>l the* kit. 

r 1 

Urine Collection. Two methods of urine- col- 
lection wen u>ecl during tin* SMKAT mission. The 
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Skylah primary urine collection >\ stem vsas used 

bv one (Truman lor the entire mission, an<l tin* 

Skylah contingency system l»y a second crewman 
lor (hr Iasi Ini days. Thr otlirr inrthod ol urinr 

collection was a SMKAT-peculiar system. 1 1 con- 
sisted of a simple rrrrivrr funnel inlemmnected 
(via a ran usrd in connection wiln ihr Irral 

collection stool ) to a refrigerated container via a 
flexible liosr. 



F igure 3-1 7. Vacuum clra ner in use in SMK AT chamber. 


Table 3—3 

Personal Hygiene Kit 


Stypic pencil 
Cotton swabs 
Dental floss 
Hair trimmer 
Hair brush 
Deodorant stick 
Comb 
Skin cream 
Nail clipper 


Wmd-up 

shaver 

Razor 

Blades 

Shaving cream 
Shampoo 
Mirror 
Tooth paste 
Tooth brush 


Tin* stainless steel urine cans were designer! to 
hold a one-day void eyrie, and procedures called 
for them to he passed out al the end oi the eyelr 


:U7 

da\ . All seams were welded anil polished, rile 
urine hose assemhK was eonijMised ol a comolex 
tuhe comieelrd to a lellon lunnei. 

The significant procedural rlillereiier between 
the Skxlab and the SMI . \ I eonl iguratinn involved 
the disposition of filled urine Madders and sample 
containers. During tin Sky lab mission, urine blad- 
ders are discarded through the trash lock into the 
|.0\ ijnk. in SMI. AT. the filled bladders were 
passed out through die transfer airlock. Sky lab 
sample- are frozen alter collection. 

Till * results ol the SMI. A I evaluation ol the 
Sky lab urine system mdieated drastic redesign <d 
the system was required. Approximately f»U spe- 
cific: problem areas Were observed. j hose relleeling 
design del leieneies are listed below, along will* 
changes elleeled to eorreet these del ieteneies. 
Those defieieneies requiring major redesign are 
marked with an asterisk. 

1. Torn toil on centrifugal separator. I lie loil 
was treated with Teflon. 

2. brine drawer traeks did not always catch. 
Correction did not require major redesign. 

*3. Insufficient System capacity. I he 2,000 ml 
capacity (assumed onc-dav void volume) vs a> in- 
creased to 4.000 ml. 

4. Sample bag did not lill in an installed 
position. This problem was attributed to the 
effects of gravity. l\u major redesign lor Sky lab 
was undertaken. 

.1. brine recirculation could not be performed. 
Major redesign was not required. Pinal Sky lab 
systems ‘did not use recirculation. 

*6. Pressure plate hung up intermittently. I be 
pressure plate was dropped in favor ol simple spring 
steel straps on tin* back of the aluminum plate. 

*7. Urine collection hose difficult to install/re- 
move. The hose was redesigned lor easy installation. 
Also, the material ol the collection cone was changed 
to Teflon-lined aluminum to reduce accumulation ol 
urine over time. 

H. Hack pressure experienced during contin- 
gency collection. Redesign ol the urine hladd* r 
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in lc > a box-like form rather l h u r i an * envelope 
form n ilmrd this problem. 

'**). Draper luteli difficult to open. I'll*' com- 
plex drawer latching mechanism w a> changed to a 
simple external catch. 

10. Sampling 1 ia*z dillieult to mark; hladdrr 
serial mimUr missing. Bags proved to lie easily 
marked with a ballpoint pm. 

11. brine ollcetion hose pulled out ol ’A 

inlet lilting. No redesign was required: Skylab 

design does not in' ‘ A fitting. 

12. Recirculation door latches dillieult to 
operate. The recirculation concept lor the urine 
s\ stem wa> discarded. 

Id. Sample bag door dillieult to operate. This 
was easily eorreeted. 

11. Sample eoiilainer expanded at altitude. 
The eontainer was redesigned to be parked nil* 
sealed. This permitted equalisation ol pressure to 
ambient levels. 

Id. Sample eontainer bound during lilling. This 
was compensated in the redesign. 

I(). Viewing slot in sample bag door was too 
short and too narrow. Slot dimensions were in- 
ereased in final design. 

17. Kentrifuge lifter eover dillieult to remove; 
liller dillieult to install and remove. Hu* redesign 
of the >\>trm eliminated this problem 

18. Corrosion on FAII eoimeetor and periphery 
on centrifuge. Same solution as numlrr 17. 

MJ. Arouslifnam odor, Aeoustifoam used as a 
sound deadener, produeed a \er> unpleasant odor. 
The solution was to remove the aeoustiloain. 

20. Torn bladders. The material used to con- 
struct the bladders was replaeed bv Teflon-coated 
cloth, which greatly increased resistanee to tearing. 

21. Volume determination readme stuck. Re- 
moval of the pressure plate with associated V|)|{ 
mechanism eliminated this problem. 

22. Condensation. Condensation recited from 
the higher chamber humidity and low coolant 
temperature. No similar problem was anticipated 
for Skylab. 


Feral Collection. The primary component ol 
the fecal collection sv stein was the fecal collection 
stool shown in f igure 8-18. The SMFAT unit was 
of llie basic Sk\ lab design, but it was mounted 
vertically for use in a I g environment. Plight 
configured Skylab fecal bags were used. A 
SMK AT-peeuliur blow it was provided to draw cab 
in air into the unit and then to exhaust it through 
a charcoal filler baek into tin- cabin. The liller 
was effective in removing odors and was changed 
twice during the lest, in accordance with the 
planned maintenance procedures. S VI FAT-peculiar 
leeal cans were provided to stow the used fecal 
hags until such lime as they could be passed out 
ol the chamber. 



f igurr .’MM. SMK A I fecal rolled ion stool. 


Food Systems 

The development ol iood lor onboard space- 
craft consumption has been a complicated and 
difficult task. This food must comprise a 
nutritionally balanced, adequate diet. Additionally, 
it must resist the rigors of a space mission profile. 
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remaining stable under a wide range of tempera- 
tures, over pressures, and aeeeleration and vibra- 
tion forces. The selection of foods for diets in 
earlier spare missions was constrained by the 
weight and volume limitations of the spaceeraft 
used. As a consequence , the feeding system relied 
primarily on freeze-dehydrated foods stored in 
plastic pouches. The reconstituted food was a lube 
in the pouch directly into the mouth. This was 
tlie mode of food consumption until the time of 
\ poll oit when tlie introduction oi intermediate 
moisture food in the form of moist turkey hits 
and gravy permitted for the first time the use of a 
spoon. 

\po!lo meals provided at) adequate, balanced 
2.~>00 calorie diet per dav for each man onboard. 
While astronauts have not, on the whole, expressed 
many major objections to the diet that has been 
provided, an examination of ihrir nutrient intake 
indicates clearly the\ have been less than cnlhusi- 
astie about their food. Most have not consumed 
energy at levels equivalent to their calculated re- 
quirements. 

1‘ond System Development. In order to correct 
hy pocaloric intakes, el forts have been made to 
develop diets for Sky lab crews that arc signifi- 
cantly more appetizing, that is. more nearly 
earth-style The development of the Sky lab food 
system was further complicated by the fact that a 
number of the medical experiments performed 
inflight are particularly dependent upon nutrient 
intake. 

Ove r 72 foods were developed according to 
specifications which set strict limits for formu- 
lation and for chemical and microbiological com- 
position. Nutritional and safety requirements were 
considered the most basic in the* development of 
the Sky lab food system. Special microbiological 
inspection requirement* were* established to insure 
food safety over long periods of lime*. Checks 
wire made* to insure* that the food met or ex- 
ceeded government anel industry processing stan- 
dards. and many routine* anel special micro- 
biological and toxicological cheeks were* made*. 
Foods were originally selec ted by an interdiscipli- 
nary team of specialists who were* qualified in 


food te chnology, nutrition, dietetics, quality con- 
trol, manufacturing, food packaging. >yslem> engi- 
neering, anel eonsuineTs (astronauts). 

Menu design c rite ria we’re* as follows: 

1 . ( rew-looel eotnpat ihility 

a. Flavor 

b. Appearance* 

c. Fuse* of pre* para lion 
el. Safety 

e. Noil-allergenic 

1. Fecal hulk and consistency 
g. [Non -gas forming 

2. Nutritional requireme nts 

4. Medical e xperiment requirements 

a. I ialeium 

b. Phosphorus 

c. Magnesium 

d. Sodium 

e*. Potassium 

f. Protein 

g. Fncrgy 

4. Physical constraints 

a. Package* size 

b. Preparation equipment 
i\ Stowage* 

d. Waste disposal 

e*. Itcsidue mass determinations 

The* list of candidate foods was re view e*d by 
the* principal investigators for medical experiment* 
and by Sky lab astronauts. Foods which did not 
me*et the* aforementioned criteria were* eliminates! 
until the* goal of 72 foods from lour different 
categoric** was established as the* baseline list of 
foods as shown in Table .4-4. The list was limited 
to 72 items since* this was the quantity which 
could be developed, manufactured, and analyzed 
within the time and funds available for the* Sky lab 
food system. Also, experience with previous systems 
had demonstrated that approximately 70 foods were 
ail that are* needed for design of >ix-day menu cycle*. 

A menu was then developed which represented 
ge*ne*ral (not individual) food preferences and 
nutritional requirements for the “average Skylab 
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Skvlah ! 

f oods 

Beverages 

Lemonade 

Grape drink 

Instant breakfast drink 

(cocoa flavored) 
Cocoa 

Black coffee 

Tea w»th lemon and sugar 
Orange drink 
Strawberry dnnk 
Apple drink 
Grapefruit drink 
Cherry drink 

F ro^cn F oods 

Coffee cake 
While bread 
Prebuttered roll 
Filet mignon 
Lobster newburg 

Pork loin with 
dressing and gravy 
Prime rib 
of beef 

Vanilla ice cream 

Wafer Food 

Dry roasted peanuts 
Dried apricots 
Sugar cookie wafers 
Vanilla wafers 
Cheddar cheese crackers 
Bacon wafers 

Sliced dr ted beef 
Hard candy 
Mints 
Biscuit 

(cracker type) 
Butter cookies 


T herrnostabH 

t/ed Food 

Pineapple 

Meatballs and sauce 

Butterscotch pudding 

Pears 

Turkey and gravy 

Hot dogs (tomato sauce) 

Tuna sandwich spread 

Peaches 

Fruit jam 

Chili with meat 

Applesauce 

Catsup 

Peanut butter 

Lemon pudding 


Rehydratable 

Foods 

Rice krisp»es 

Shrimp cocktail 

Sugar coated corn flakes 

Salmon salad 

Scrambled eggs 

Sausage patties 

Pea soup 

Pork and 

Potato soup 

scalloped potatoes 

Asparagus 

Chicken and nee 

Mashed potatoes 

Beef hash 

German potato salad 

Chicken and gravy 

Cream style com 

Veal and barbecue sauce 

Peach ambrosia with pecans 

Spaghetti and meat sauce 

Strawberries 

Turkey nee soup 

Green beans 

Macaroni and cheese 

Creamed peas 

Mashed sweet potatoes 


crew iih iuIht. Tlir “awrafjr ' crrwmriiiber was srhxl- 
r<| arhilrariK ami <lid not rrjjresenf the lood n*tjuir<*- 
mrnU oi am >|M’rilie individual sinrr crew 
assi»riiniriit> had not been announceti at that lime. 
Skylab ainl SMI'! AT c rew members were identified and 
were Wien fed till er dirts to ^atlier individual evalua- 
tions to enable revMoii ami adjustment a* necessary 
T lirs«* food t oni|iatihilitv tests also provided in forma 
lion needed to add. delete, or modify food iterm 
irofti the Maseline l ; ood List. 

Ileeiuuin^ in OetolnT 107 1 and eonliniiine 
through April 1072. ronlerenees were held with 
eaeli Skvlah and SMI, AT astronaut to review hi> 
menu e\ ele and reeeive eonmients. I he menus 
were siihseijiientK modiiied a> needed hasi'd upon 
crew surest ion > and ret ommendatioiis. Lon 
ferenees were reseheduled until eaeli man had 
approved a >i\-da\ menu eyele. Throughout thi> 
period, food* were served and/or provided on an 
individual ba*i> lor rrew familiarization with 
different eombinutions of foods in a meal. 
Sky lub/S\lh A I’ t\ j»e loods were provided at lutieh 
periods twiee weekly lor nine weeks. Kaeh 
erewman also eompleted two separate toinpati 
hilitv tests ori a lull menu eyele. Suhseipienl 
individual eonlerrnee> and food item modilieations 
resulted in ^i\ menu revisions ior two S AIT. \ I 
t Tew members ami ten revisions lor the other 
erewmemiwr. 

An initial set o! menus was prepared lor eaeli 
of the Skvlah and SMI. AT astronauts based oil 
eaeli individual astronaut > IixhI prelerenees and 
eating habits. Ihe protein level ol the initial 
menus was controlled to the loleranee levels speei- 
I’ied h\ Kxperiiiirnt M07I. Other nutrients were 
adjusted with mineral supplements to comply witli 
the AI071 tolerance levels with the exeeptioil ol 
sodium. Sodium levels exceeded the M07 1 limit 
which was in proves* ol change to an upper limit 
of f>,(M M I in*! dailv. The nutrient tolerance levels 
use d in the planning of tin menu cycle lor eaeli 
crewman follows (Table .Ll), 

SAIL AT menus were developed in cooperation 
with the Principal Investigator lor M07 1 and his 
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staff. T tn** 11 us were reviewed lor < ornplianee 
vv ith tin* SkylabM07l study and estimated indi- 
vicinal nutrient requirements (Tahir Various 

methods were employed to estimate adequate daily 
energy levels lor each of tin* SMKAT crewmen. 
These methods were: (I) l ive day food compati- 
bility test during which time actual energy intake 
was recorded, (2) Calculation hy the method em- 
ployed by National Institutes of Health lor sub- 
jects on metabolic balance studies, and (T) 
Calculation by the method recommended by the 
food and Nutrition Hoard of tin* National Re- 
search (Council in Recommended Dietary Allow- 
ances, 7lh Revised Idition (l%8). Following is a 
summary <>l the results using tin- three methods 
(Table 1-7). 

The values derived by using the RDA methods 
were emploved for the SMKAT crew menus. 

Irradiated bread was to he supplied, hut it was 
unavailable in sufficient time for inclusion in the 


diet, frozen bread was substituted, frozen food 
was limited bv Ireezer space (<> nine items per 
man during each si\-day menu e\eh*. 

S\1F .\ 7 hood. \ >i\-da\ menu eyele was cl< 
veloped. The SMf.A I crew consumed the Sh\!ah 
diet lor 2Rdavs prior to eliamher residence, lor 
lb days at ehamher altitude, and lor III flay s post- 
test. 

foods were provided in one ol several forms. 
They were either frozen, thcrrnostuhili/ed, or 
freeze-dehydrated, rrh\ dratahle foods. Ready -to eat 
bite-size foods were also provided and called 
wafers. Beverage powders were placed in a separate 
category lor convenience. 

Food packaging. All foods except leverages 
and puddings were packaged individually in either 
large or small commercially available* aluminum 
cans. Thin plastic* membranes were incorporated 
under the* pull-tali lids to prevent loss of the food 


Table 1-5 

Nutrient Tolerance Levels for SY1KA I Crewmembers 


M-071 

CDR 

SPT 

PLT 

Energy teal si 2000-2800 

2895 t 20 

3276 s 15 

31 00 4 22 

Protein (g> 90-125 t 10 

115 ± 10 

110 - 10 

123 t 10 

Calcium (mg) 750-850 4 16 

850 t 16 

850 t 16 

850 i 16 

Phosphorus (mg) 1500-1700 ♦ 120 

1700 t 120 

1700 ± 120 

1700 ♦ 120 

Sodium (mg) 3000-4000 t 500 

3900 t 500 

4000 ♦ 500 

4000 i 500 

Magnesium (mg) 300-400 * 25 

325 ± 25 

350 t 25 

320 i 25 

Potassium (mg) 3000-4000 t 200 

3921 ± 200 

4000 ± 2000 

3915 ♦ 200 


Table 1 6 

Lstimated SMKAT Crewmen's Daily Nutrient Requirements 


Nutrient 

CDR 

SPT 

PLT 

Energy (kcal) 

2900 

3300 

3100 

Protein (g) 

103 ± 10 

105 ± 10 

106 ± 10 

Calcium (mg) 

850 ± 16 

850 ± 16 

850 ± 16 

Phosphorus (mg) 

1 700 ± 1 20 

1 700 ± 1 20 

1 700 ± 1 20 

Sodium (mg) 

4000 ±500 

4000 ±500 

4000 ± 500 

Magnesium (mg) 

350 ± 25 

325 ± 25 

345 ± 25 

Potassium (mg) 

3800 ± 200 

4000 ±200 

4000 ±200 
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when lilt* cans were opened in zero g. 1 1 1 » ‘ smaller 
packages stored ready lo cal foods and snack items 
Midi as peanut.' ami minis. The membrane in the 
water IoihI packages was preslit so that lingers can 
he inserted to remove only a portion o! the 
contents. 


Table T 7 

drew knergy Keqnireuieiits ( .alenlated 
1 Three Methods 


Crewmember 

Daily Energy (Cat) Level 

5 Day Test 

NIH 

RD A 

CDR 

2860 

3055 

2900 

SPT 

2790 

3285 

3278 

PLT 

3120 

3240 

3080 


I arger packages stored all pritteipal loud items. 
The ean used tor storing Iro/en and (hertno- 
stabiti/ed toi>d is illustrated in I ^urr l l ( ). \ole 
the plaslie membrane which is pierced at the time 
of food eoiisiimption. Figure «t-20 shows tin' re 
hydrutahh lood package . This package iims a 
polyethylene inner hag to contain (lie dehydrated 
lood. which is reconstituted with told or hot 
water available from the water dispenser in the 
loot! pedestal. 



Figure 3-19. Frozen and the rmnsUbili/ed lood package 



I* igure 3-2M. lit lt\ dr. liable lood package ( I id removed). 


Tin* leverage package, shown in Figure 3-21. is 
a polyethylene bellows assembly. A nylon valve is 
inserted in tin* neck of the bellows to permit both 
reconstitution and consumption. The package is 
collapsable lor storage. 

Figure T22 shows the lood protection hard- 
ware items. Alt lood packages art* stowed in sealed 
aluminum canisters designed to provide protection 
during various mission phases. The lood package 
retainer illustrated permits packages to lx* ex- 
tracted individually in zero g, The canisters arc 
stored in a restraint assembly which is in turn 
stored in the lood storage locker, two to a locker. 
A canister lid removal tool was provided lor 
removing lids that might have become firmly 
sealed after prolonged low -pressure storage. 

Food Pedestal and hood Preparatory 
Items, itolli food preparation and dining were ac- 
eomplislied at the lood pedestal in the wardroom. 
a> they are in the Sky lab Orbital Workshop The 
food pedestal contains heating trays, lood recon- 
stitution water dispensers, and drinking water dis- 
pensers. 

In SMF \T. the Skylab food heating trays were 
clamped to three Skylab-conJiguration heat sinks. 
This arrangement can he seen in Figure ,T2 T in an 
operational, zero g mission, the chairs shown in 
the figure are replaced by thigh restraints. The 
astronaut is restrained by a metal **T* by grasping 
the crossbar with his legs. 
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Figure 3 21. Krvcrage package, fully collapsed Irlt: 
hilly extended, right. 



CUSHION PACKAGE 

«ETA I N£R 


fB 



CANISTER 



CANISTER 

RESTRAIN? 

assembly 


NOTE AMBIENT FOOD CANISTER RESTRAINT ASSEMBLY 
IS SIMILAR TO FROZEN FOOD CANISTER RESTRAINT 
ASSEMBLY SHOWN ABOVE 


figure 3-22. Food protection hardware. 


I hr food tray, ollieialk designated the \iito- 
matir Meal Keeonstitution Moduli, holds IoihI 

[linkages and lias the eapahilily lor heating them 
to 1 49° F. Magnets on thr surface ol llir module 
retain the rating utensils knives, lorks, and 

spoons. A cavity on the left sifle ol the module 
holds the napkin. I ; igure 3*24 shows tin 1 loud tray 
with loods and utensils in plane. The utensils are 
eleaned by tlie use ol individually packaged wet 
wipe towels impregnated with two percent 
/ephiran disinfectant solution. The wipes are eon* 
tained in a spring-loaded dispenser. Kuril ol these 
(there are live aboard >kvlab) accommodates 301 
individually pa< kagerl wipes. 



Figure 3-21. Food tray. 



Mineral supplements, polyethylene glycol, and 
feral dye markers wire provided. Intended lor the 
purposes of the mineral halanee experiment, these 
items were included, respectively, to adjust lor 
deviations in food intake, to account lor ieeal 
mass, and to designate the end of each six day 
menu cycle. They were packaged in an aluminum 
food can for SMKAT; in Sky lab, a special capsule 
and salt dispenser assembly contains these items in 
the form of booklets. 

When the food pedestal is not in use, it makes up 
into a convenient work surface for crew activities 
( f igure 3*25). (lovers are provided lor the central 
recessed area of tile pedestal and individual food 
Figure 3-23. SMtA I food pedestal. trays. 
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Figure ;t-2r» SMI \T food p»d«Hat. 


Fond Storage Favilit it's. In (In operational 
Orbital W orkshop . bulk hmd storage is available in 
eleven ambient temperature lockers. live frozen 
lood lockers. amt one food ehiller. I he chiller, 
freezers. and a si\-da\ pantrv are located in the 
wardroom. \mbient I’iumI storage i- loeated in the 
tipper level ol the t Orbital Workshop. hood is 
e\ ( led into the wardroom at >i\ da\ intervals. 

For the SMK\T mission. the volume ol lood 
stored was far less than is tlie e.i>e lor Skylab 
which is launched with all the lood supplies 
needed lor three missions, \mbient temperature 
foods were not stored but transferred into the 
SMF AT chamber through the airloek at six-duv 
intervals. Frozen food was handled in a similar 
fashion beeause the SMF A I lree/er laeililv was 
too small to aeeommodatr the total mission Iro/.en 
food supply. No attempt was made to dnpiieate 
the Skylab flight freezer loeker. 

The eoolant eireulalion pump elements ol the 
freezer and chiller s\ stems were loeated outside 
the ehamher. The eoolant fluid. a tluorinated 


hydroearhon. was eooled in tin* ehiller unit reser- 
voir and emulated through toils inside tin* lree/er 
storage in the ehamher. 

F o o it F r e /> a r a l i on an d (' o n- 
suniption. Preparation ol eaeli meal began at tlie 
completion ol tin- preceding meal. The items to be 
prepared lor tlie next meal were loeated: each had 
been marked with the name of tlie intended 
crewman, the day, and information about the 
eoiilrnts. Foods to he served hot were plated in 
the trays and timers, another feature of the \ulo- 
matie Meal Kccoiistitution Module, and were set 
to automaln ull\ at tivale the heating elements at 
the desired time, foods to he chilled were [dared 
in the chiller. Since some dehydrated items re 
tpjircd fifteen to twenty minutes reeonst itution 
time, initiation of reliydration at the time of tin* 
meal did not permit adequate time for proper 
preparation ol these foods. The problem of bac- 
terial growth precludes reconstitution of dehy- 
drated lood lor a given meal at tin previous meal. 
In SMF \ I. one crew member reconstituted the 
items requiring long hydration times ol fifteen to 
tweiitv minutes prior to tlie meal. 

The number ol lood packages consumed bv 
the SMF \ | crew ua^ considerably higher than the 
number determined to be required for the Skvlah 
crews. Tins is based not onl\ on tlie individual 
nutrient requirements ot the erew members but on 
the additional energv requirements imposed by I g 
operations .is compared with energy requirements 
lor zero g operations. 

Trash and (. lean up , Trays and the lood ped- 
estal. as well as utensils, wen* cleaned with wet 
wipes. Tra>h generated in lood preparation and 
consumption was disposer! ol in lood canisters and 
passed out through the airlock. Many small trash 
items were generated at each meal. During the 
meal, tbi> trash was deposited in trash receptacles. 

A can crusher which was to Im* used in the 
event of trash lock failure was evaluated over a 
hO-dav period. In addition, a procedure was de- 
veloped lor handling and freezing wastes in the 
event ol hicIi lailure in the Skylab mission. The 
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freezing ol wastes inside the- S VIKA I chamber was 
not necessary l<»r the purposes ol this mission. 

SMfcAT food System Problems and Their Res 
olution for Skylah. During tin* course ol tlx* 
SY1K AT te*sting, <i number ol problems related to 
thr food system were noted. I In appropriate 
corrective actions were lilkrn, am! tbe-se- arr de- 
scribed below. 

1. hood item-related problems \ problem not 
«d during the SMI. A I lest was that excessive 
gastrointestinal gas developed as a result ol con- 
suming pea soup. I fie SMK A I crewmen recom- 
mended that th is item lie deleted from flight 
menus, ^remission testing ol the Skylah crew 
based on t h is recommendation tailed to produce 
the same results. IVa soup was then* I ore retained 
on inflight menus. 

liehy dration of some beverages was loimd to 
be (] if lieu It . Changes in lormulation were imple- 
mented and have resulted in improved reliydralion 
times lor then- products. 

In the ease ol one crewmcmln’r, tin* quuntit) 
of food provided proved to lie inadequate. As a 
result, loot! items in exeess ol those slocked on 
the basis of previously determined energy require- 
ments were carried onboard Sk) lab. 

Investigation of tin- possible elimination of 
polyethylene glvcol capsules was accomplished and 
the requirement tor these capsules ha." been de- 
leted. The data derived from the use ol pol>- 
ethvlene glycol was not as useful as anticipated. 
Moreover, il wa? found that polyetliv lene glvcol 
resulted in a stool which was soil and tended to 
adhere to the skin which could cause cleanup and 
personal hygiene problems in Might. I hey have 
been removed from the* Might stowage list. 

2. Hardware-related problems. Beverage pack- 
ages were found to have leaking valves and other 
problems. A major redesign wa^ accomplished and 
the valve was replaced by one identical to th a t 
used during the Apollo missions. All beverage 
pac kages are now inspected and random testing lor 
leakage* and lor heat-seal strength ha 1 * been in- 
corporated into tin* manufacturing phase. Pack- 
aging failure was also noted in connection with 


the* rein dratable food package. I lie package seal 
failed as tin* result of a faulty heal seal on several 
packages. In-process testing and rigorous inspection 
lias also been initiated lor these- packages. \ii 
alternate pac kage- ol the- Apollo spoon-howl In pe 
lias been developed and will he* used inflight b»r 
soups. Still further problems were* noted in con- 
nection with the package- lor frozen and therino- 
stahili/.id foods. During tin- healing cycle, the 
membrane se-paralecl from the- c an. I In membrane* 
has been incorporated into the Skylah lood pack- 
age’s. 

The- fecal dye marker capsule- separated during 
consumption. A lock capsule will he used lor 
flight dvc markers to preclude- a recurrence- ol the* 
problem. 

A problem was noted in the food -can to 
food-healing-tray interlace-. This problem was a 
loose- lit of tin- small heating tray cavil) when a 
wafer c an was inserted. I he- pudding can, which 
has a larger diameter than the waler can and is 
used in the- same- lood tray cavities, resulted in 
sire-tehing ol the* cavity to the point that a 
friction fit for the waler can could not he- main- 
tained. Change: action is in process to identity one 
small cavity on each food tray lor use with 
pudding cans. 

At the- sugge stion ol SIMLA I crewmembers, the 
large, serving-sized spoon used lor Apollo missions 
was added to the* Sk\ lab lood system. 

The heating/ serving tra\ worked quite we-II 
throughout the- entire- test. All heating cycles 
worked we-II and postmeal cleanup was accom- 
plished without problem?*. Other than tin- pudding 
package-small cavity interface* problem, the- travs 
gave only one other problem. The* timer on one- 
tray malfunctioned, hut this was a one-of-a-kind 
failure- which had no impact on the- Skylah flight 
tray. 

The can crusher l<->ted during SMLAT worked 
well ineehutiicaHy , hut tin- Use ol tins system 
required an additional lo minutes to an hour each 
day to accomplish trad* handling. The SMKAI 
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crew noli d InrtliiT lliat the ran crusher required 
additional tissues lor cleanin<r and sn^r>lrd that it 
Im* modified to allow lor caMcr cleaning. 

A . /Voce dural problems. Minor procedural 
problems were rnrunnl'Trd in rural preparation 
and stowage. as prcviousK nolrd. \s a 

resull ol tin* SMK VI test. detailed procedures on 
lood handling and redesign ot hardware drills have 
Iwm formulated. C alley sloujee procedures have 
been updated. 

\s a rrsnll ol lln' corrective artions taken on 
llw problems nolrd in SMI\ VI . tin- Sk\ I a I > lood 
system is considered to hr more than adequate to 
successfully support tfir >k\ lah missions. 

Clothing 

Two ly pc> ol r lot h ino urn* used in tin* 
smi*: vi mission with two distinct objectives. 
Sk\ lah garments fabricated I’roin Darettc MM) were 
worn to evaluate design ron figu ration and material. 
I’rotolx }ir garments math* ol thrrr other materials 
were iitrhidi'd in tin* Irsl to assess tin* nrrd lor 
possible replacement ol Dinette 100. Ml tin* gar- 
nn*iits were evaluated Iroin thr standpoints ot 
wearability, ronilort. and tin* <|uanlil\ provided, 
figure T2b illustrates tin Sk\ lah garments. 

Ml In |m*s ol material evaluated wrrr tound 
acceptable with thr exception ot (In* protot\ pr 
niatrrial \ 120. l ln* wear, comfort, and lit of tin* 
rlotlirs were all reported to Im good, a> was tin* 
Sk\lah ronl juration boot. Chapter 21 presents dr- 
tailed comments l>\ the rn*w on the clothing 
tested . 


Sleep Restraint 

Tin* sleep restraint was fabricated Iroin the 
baseline material ehosen lor use in the Sky lah 
program, Tenum-lrealrd pol\ benzimidazole. < >i i«- 
crewman used the sleep reslraint lor the entire 
oh days. f igure .'{-27 shows the Commander in tin- 
sleep restraint. Chapter 21 presents a detailed eval 
nation ol this item. 

Off-Duty Activities 

An oil-duty aetivitirs equipment kit was pro- 
vided in a loeker in the wardroom area. The kit, 


pie hired in figure T-2R, contained items such as 
playing cards, darts and dart hoard, tape cassettes, 
and hooks individually selected by the rrewrnrn. 
Tins** items, alone with telex is ion viewing anil the 
taking ol ronrsrs in closed circuit television. Idled 
any gaps in the SMK VI timeline and afforded tin* 
crew needed relaxation. 


a a 



I* u:un* Sk\ lull clothing. 


Data Handling and Communications 

St//. 1 7 Instrumentation. Tin* recording instru 
mentation used in SMK \T was divided into two 
general categories: |e>t laeilitv instrumentation and 
experiment test instrumentation, lest laeilitv in- 
strumentation was that necessary to monitor the 
crew bay environment (e.g.. partial gas pressures, 
dewpoints, temperatures). Test laeilitv data were 
routed through patchboards, amplified il nece-sary, 
and terminated in tin* 20-loot ehamher control 
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room and at tin* Medical Oflicrr s console- ior 
display, monitoring, and recording. 



Figure 3-27. Sky lab sleep restraint being tested 
by the SMKAT Commander. 



Figure 3-28 Off-duty activities equipment 
in the SMEAT wardroom 


Experiment tot m-lrumentat ion was that con- 
e ernrd with monitoring the experiments. I he-sc 
data were routed through an analog-digital record 
ing processor mill to Ihiilding 3(>. \ia coaxial cable, 
lor displax , monitoring. and reeording. I he 

Pudding 3f) data console is illustrated in 

Figure 3-2d. lest instrumentation data were also 
available at the outputs ol isolaticm ampliliers in 
the processor unit tor routing through the 

putehhnard to tlu* chamber control room and tin* 
Medical Officers console, whe re- ibex . loo, we re 
displayed, monitored, and recorded. 

Figure 3-30. shows the* data aeijiiMlmn. 
processing, and displax rne-lhods used during 
SMEAT. Iigure-3.il indieates 1 1 1 < - data (low tor 
e-acli medical experiment. 

S i m i i I a l i o n <> f S kyln b I hi t a Ha n 
fllirifl. I >Tt ) 71-23 was intended to test, on a 
noninle rl i reni e basis, the operational procedures 
invoKeeJ in acquiring and processing hiomedieui 
experiment data in a mode- approaching that 
plannc-d lor Skxlah. For example, mnmiuiiii atioiis 
from tin- crew and data transmittal Irom the 
S\llv\T chamber were- interruple <t periodical!) ehir 
ing tin- course t > I tin- ehamher test to simulate 
space- flight tracking and data m*lwe»rk acquisition 
ol signal (NOS) and loss e»l signal (EOS). I lie- 
sequence of e vents for the simulation we re-: 

I. Performance of the experiment bx the 
SMKAT c rew with live- data and voice communiea- 
lions available only during planned Skxlah network 
contact pe riods. 

2. Recording of all voice and data during the* 
experiment perlormance tor playback. 

3. Plax hac k of voic e- and data for engineering 
analysis by the- Kxprrirnent Officer (KO) and a 
quirk-look analysis by the- Principal Investigator 
(1*1). < ameurrent with the engineering analysis, tin- 
KO recorded certain protocol event limes which 
were necessary to kc-\ events in the- oil line 
processing, 

1. Deliver) ot the recorded data tape to die- 
off-line processing laeihtx anel subsequent process 
ing. 
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I'iuure 3-29. Building 3(> dala console. 
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Figure 3-30 SYltAT dala system. 


There will be an additional sequence 111 die Skylab 
mission of the 1*1 evaluation o< the processed dala 
lor feedback into tin flight planning function. 
Since only biomedical experiments were performed 
in SMK AT and tin large number of oilier 
diseipline experiments planned h)r Skylab. the 
quirk flight plan leedbaek was not needed. 

On tlie basis of SMIvNT simulation o] Skylab 
data acquisition, the following conclusions were 
readied relative to Skylab: 


1. Assuming nominal Skylab data acquisition 
and handling, oll-line processing turnaround times 
for the major biomedical experiments are 
reasonable. 

2. Due to the data turnaround time, much of 
the data plu\ bark for scientific evaluation w ill b»* 
done on the da\ following the experiment runs. 
Unless a major problem is identified, the Principal 
InvcsligatorTrmeipal (Coordinating Scientist support 
will occur during normal working hours. 
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Figure 3-31. Skylab chamber test data flow. 


Comm uniration Systrm . \ voice corn muni ra- 

tion system provider! lwo-wa\ audio roniinuiiira- 
lions between test t * ‘ o f 1 1 inernlaTs. I lie hasie 
sy stem was composed <>l seven speaker intercom 
stations in the crew lun area and approx iniatrlv 
24 intercom stations located outside iho chamber 
in the t«*st team control rooms. The system had 
live normal ehannels and an emergency “all rail 
channel enabling simultaneous planned and con- 
trolled conversations on the dilferent ehannrds. 
The inlereom stations exterior to the chamber 
were outfitted with headsets. The unit inside the 
chain her could he used with or without the 
Skylah headset. Locations of units within tin 1 crew 
ha\ are shown in Hgurc 3-32. 

In the event of an emergency, prt designated 
stations were configured to switch to the 'all call 
audio channel. The stations that were switched to 
tin: “all call" channel also had certain previously 
selected stations which could transmit as well as 
receive for certain emergency communications. The 
Test Director s audio channel and the “lest sub- 
ject-CAPLOM * audio channel were continuously 
recorded for the duration ot the test. A private 
channel available to the test crewman and ('AIHIOM 
was acoustically coupled to a telephone receiver. 
This allowed the astronaut crew to communicate 
with the outside. 

Television Monitoring. A closed-circuit televi- 
sion system provided television monitoring and 


recording ol activities inside the chamber lor 
experimental and safety purposes, hour fixed, 
mounted cameras in the crew ha\ monitored the 
wardroom, experiments area, and second level. \ 
fifth camera with tripod was portable. Fan and till 
mounts allowed the crewmen to manually reposi- 
tion cameras. 

Television monitoring ol list activity wa> 

scheduled in the timeline and occurred as it would 
in the Skvlah flight when the signal could lie 
received by the monitoring network ol receiving 
stations. When the crew was asleep, tin* crew ha\ 
area cameras were kept operating at all times with 
the target voltage turned down. 

The elosed-cirruit television system ami two 
AM-FM automobile radio units were also used to 
provide instruction and entertainment tor the 
crew. 



REPRESENTS 2 EA HEAOSET CONNECTORS 
FOR 0 3 MASK COMMUNICATIONS 

Figure 3-32. SMKAT chamber intercom locations. 
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Impaired orthostatic tolerance has been observed 
alter all L.S. space flights whi< li lasted more (ban 
several hours. Evaluation of orthostatic intolerance* 
ha* been achieved by means ol a tilt table, and, more 
recently, by the use ol lower body negative pressure 
(LBNP). The LBNP technique, though independent 
of gravity, simulates its effect by exposing the legs 
and the lower abdomen to reduced ambient pressure*. 
Fbe LBNP test has been employed pre- and poslflight 
on the Apollo mission* and provisions have been 
made for it* use during Sky lah orbital experiments to 
document inflight the degree and time course of 
cardiovascular system alterations. 

This LBNP experiment, conducted during the 
56-day simulation of the Sky lab environment, was 
designed to supply baseline information on cardio- 
vascular responses to periodic orthostatic stress for 
correlation with future flight data and to help predict 
the degree of expected orthostatic intolerance. 
Further goals of the present experiment were to 
substantiate the operational efficiency of the data 
acquisition techniques to be implemented during 
aelual flight missions and to evaluate hardware under 
operational condition*. 

Equipment 

The equipment consisted of a Lower Body 
Negative Pressure Device (LBN PD) and additional 


hardware lor obtaining vectorcardiogram* and 
measurements ol leg volume change, blood pressure, 
and body temperature. An experiment support 
system included the equipment control and display 
systems in addition to the power supply . 

Lower Body Negative Pressure Device 

The LBN PD is a cylindrical canister of anodized 
metal 52 inches long ami 21 inches in diameter. The 
canister is composed ol two sections which can hr 
separated lor application ol the leg plcthv sinographs. 
The forward segment ha* a waist *eal comprised ol a 
template with movable metal leaves and a seal of 
pliable material. The subject is positioned on an 
adjustable saddle in the LBNPI) so that the waist seal 
is at the level of the iliac crest*. Figure t-l shows the 
subject entering the LBNPI). 

Reduction ol pressure below ambient is effected 
by a vacuum pump located outside llm workshop 
area, ami differential pressure is displayed on both 
the LBN PD and the experiment support system 
panels. To achieve emergency repressurizalion, a 
vacuum release lever is provided. 

Leg Volume Measuring System 

The leg volume measuring system includes two 
plethysinographs, or leg hands, which measure 
volume changes in the calf. The /eg hands arc 
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essentially electromechanical devices. I In skin ol the 
leg is ustd as one plait* < > I a cajiarilor while the 
second plait* t*i i fire It* *s tin* leg Iml is separated Iroin 
tin* skin by a dialretive layer ol compressible loam 
material. Out* t»i the leg bands serves a*' a reference, 
and i.- platrd over a stainless steel c\ limlrr whoso 
circunilereiicc remains constant; consequently, the 
hand responds only to changes in temporalure and 
relalive humidity . 



Figure 1-1. Subject being helped 
into tin* lower body negative pressure deviee. 


Output of the leg hand sensors is first amplified 
and then transmitted through the telemetry system 
for data reduelion. Figure 4-2 shows the leg volume 
measuring system. 

Blood Pressure Measuring System 

The automatic blood pressure measuring system 
eonsists til three main components a korotkoft 
sound (KS) processor (Wolthuis et al.. 1071), an arm 
cuff pressurization apparatus with pressure sensor, 
and output circuitry which provides systolic and 
diastolic blood pressure readings. I he Korotkoll 
sound processor lirst senses the hraehial KS and then 
identifies the specific systolic and diastolic KS. The 
processor operates only during disere te time intervals 
within each cardiac cycle, synchronized to the cardiac 
rhythm and triggered by the vectorcardiogram 
R-waves. 


* N ‘ 



tbl 


Figure 4-2. t'omponmts of the leg volume measuring 
system (a) and system m use on subject in the lower body 
negative pressuri* device (b). 

The experiment support system controls blood 
pressure cuff inflation and performs a complete eufl 
pressurization cycle every .JO seconds. 1 wo different 
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bleed-down orifices arc available, one for use at 
14.7 psi ami one at .1.0 psi ambient pressure. 

The eomputed systolic ami diastolic pressures an* 
displayed on tin* experiment support system panel 
and transmitted through the telemetry system. An 
auacroid gage provides backup lor the cull pressure. 

Body Temperature Measuring System 

The body temperature measuring system was 
originally designed to measure tin* temperature ol lin- 
ear canal near the tympanie membrane The system 
includes a thermocouple and an ear mold individually 
fitted to eaeh crewman. The ear mold permits passage 
of the temperature probe into the external ear ( anal 
to a depth of one-eighth inch. The instrument as an 
ear probe was unsatisfactory. Therefore it was used as 
an oral thermometer. 

Vectorcardiograph Recording System 

The vectorcardiograph recording system produces 
a visual display of the computed heart rale from the 
Frank lead V(T» and triggers the Korotkoff sound 
processor. The three analog signals from tin- X, Y, 
and / components are transmitted via telemetry' and 
recorded for further data processing. Each electrode 
site is identified w ith a permanent tattoo to assure 
exact electrode positioning. 

Procedures 

Experimental Procedures 

Five control tests were performed al sea level 
pressure to establish baseline data. Each crew member 
was his own control. During the 56-day experiment, 
eighteen LBNP tests were conducted in the chamber 
at one-third atmosphere on each crewmember. At the 
end of the experiment, an additional LBNP test was 
performed again at sea level pressure. Usually, eaeh 
crewmember was tested every third day at approxi- 
mately the same hour of the day with at least one 
hour being allowed between physical exertion, meals, 
showers, or venipunctures, and the start of an LBNP 
test. Two crewmembers were required for each test, 
one as subject and the other as observer. Throughout 
the experiment, the Scientist Pilot (SPT) was tin- 
observer for the other two crewmembers. When the 
SPT was the subject, the Pilot (PIT) usually was the 
observer. 


L2 

Bel ore each test, the observer recorded the 
subjec t's oral temperature and applied the vector- 
cardiograph electrodes. Then, with the subject supine 
in tin- open LBNP, holh call eiremnlcrenccs were 
measured al their maximal girth. The leg hands were 
attached, tin- LBNP body seal and knee and ankle 
restraints secured, and the blood pressure nil! applied 
to the hit arm. The V(l(i electrode isolation and 
impedance were then checked. Before and after tin- 
test, calibration values for heart rate, systolic and 
diastolic blood pressure, left am! right le g hands, and 
VO * were also cheeked and recorded. 

The test lasted 21 minutes with the- mihjeel 
supine. Tile 21 minutes were divided into tin- 
following periods: 


Period 1 

1 min at ambient pressure 

(Control) 

(218 rum 1 Ig) 

1 min at -8 mm Mg (LBNP) 

Period II 

1 rnin at -16 mm lig (LBNP) 

2 min at 20 mm llg (LBN P) 

Period III 

1 min at 40 mm llg (LBNP) 

Period IV 

1 min at 10 mm Hg (LBNP) 

Period V 

1 min at ambient pressure 

(Recovery) 

(218 rum llg) 


The first period provided a control phase, while tin- 
last was a recovery period. Should the- subject a! any 
time exhibit symptoms of impending syncope, LBNP 
was to he- terminated. 

Data Collection 

Two sets ol data were monitored continuously 
during the I. BNP tests. The physiological data, which 
comprised one set, were heart rale, body tempera- 
ture-, blood pressure, and percent volume change in 
the legs. Heart rale was calculated every five heats; 
blood pressure was taken every' 10 seconds: and 
percent leg volume change was sampled every 
O.tt seconds. The other set of data was a series of 
measurements on tin* LBN PI) itself, including air flow- 
rate, temperature, relative humidity , and pressure. 
Both sets of data were transmitted to a remote 
control station when* they were displayed alpha- 
numerieally and recorded on magnetic tape for 
further analysis. In addition, continuous strip charts 
were furnished for blood pressure, heart rale, LBNP!) 
negative pressure, the three V('(i leads, and the 
percent leg volume change. On several occasions, 



SKY LAB MKIMCAL EXPKKIMKNTS ALTITUDK IKST 


M 


nonrral lime data monitoring was implemented in 
accordance will) Skvlah data acquisition protocol 
constraints. 

Data Analysis 

Within 21 hours alter tin lest, tin* follow ing 
measurement variables were provided: 

I JIM* differential pr< ssure 
Heart rale 

Systolic and diastolic blood pressures 
LBNP internal temperature 
Ambient temperature and pressure 
Body leiii|MTatnre 
Percent leg volume change 

Computed mean values lor heart rate, sv slolie and 
diastolic Idood pressures, ami percent lee volume 
change were then obtained , and regression analyses in 
time were performed lor individual periods of each 
I BM* test. Iti-ehumher and posteliamher values were 
eompared w ith their respective precliamber means, 
and significant diflerenees were determined by 
independent t-tcsl. 

VC(; measurements were calculated from a 
eomputer program called VKCTAN. which computed 
vector loops and derived variables. VKCTAN was 
developed especially for tin* Sky lab program. 

Results 

The equipment functioned well. Data loss was 
minimal and was mainly due to shortcomings in the 
software programs. The Sh\ lab environmental 
specifications were maintained throughout this 
experiment w ith temperatures ranging I rum 21° to 
26°C. Despite the temperature fluctuations, there 
were no gross differences in cardiovascular responses 
and no signs of impending syncope . Table 1-1 gives 
the mean physiological values for the prechamher, 
in-eharuher , and posteliamher period.-* and indicates 
statistically significant changes. 

Heart Rate 

Since increased heart rale is one of the most 
effective ways of increasing cardiac output in the face 
ol greater physiological demands, heart rate was used 
as the major single determinant of altered orthostatic 
response. In-chamber mean heart rates and post- 
chamber individual values wire compared to the 


precharnher mean. Table 1-1 shows that throughout 
the oh-day test, the (( lommandcr) CDK exhibited an 
increase in heart rate, both at rest and at reduced 
pressure. Mis posteliamher values were significantly 
higher than the respective prechamher means. The 
sn and PIT showed no significant change in heart 
rate. 

Blood Pressure 

I he blood pressure values ot the (CDK) showed 
increased posteliamher control values; the SPT 
showed no rignilicaiit variation; and the Pl.T 
exhibited a statistically significant decrease in both 
systolic and diastolic Idood pressures. None of the 
crewmembers >howed significant pulse pressure 
changes. 

An unanticipated finding that is under investiga- 
tion was detected during preliminary inspection of 
heart rate and blood pressure time graphs. Time series 
analyses lor periods longer than one day produced 
statistically significant periodicity across different 
data sets lor the same individual. Ml three 
crewmembers showed approximately monthly 
rby thins. 

Vectorcardiography 

Compared to the prechamher baseline tracing, no 
significant changes ot rhythm were observed in the 
crewmembers' VCC recordings. Am changes in the 
mean values of the Pit. DBS. and OT intervals closely 
followed the changes observed in heart rate. 

Percent Leg Volume Change 

Analy sis of resting supine leg calf circumference 
showed a progressively decreasing linear trend Bv 
statistical regression of the calf circumference values 
versus time, an estimate of t he percent change was 
computed as the difference between in tercepts at the 
lirst in-chamber day and postehamber day. 

The decrease in leg calf circumference together 
with the body weight loss are summarized in 
Table T-2. Tile CD It and SPT showed a decrease in 
both leg call circumferences, and a concomitant body- 
weight loss. The excessive weight loss ot the SPT ran 
be partially attributed to a 5(H) calorie deficit in his 
daily diet. The PIT showed a decrease only in the 
right leg circumference. 



Table 



Arrows indicate direction and statistical significance of change — one arrow P> 0,05 
P values were determined from fiducial limits computed by t-test. 
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Tahir l 2 

( 'alH hreitmferrner anil Body \\ eight Loss 



CDR 

SPT 

: plt 

Ininal left calf circ. lem) 

35.8 

42.4 

38.7 

Slope (cm/day) 

- 0.011 

- 0.015 

- 0.000 

Intercept (R+0) (cm! 

35 2 

41.6 

38.7 

Percent decrease 

1 .7 

2.0 

0.0 

Initial nght calf circ. (cm) 

35.8 

43 .5 

38.6 

Slope < cm/day) 

- 0.017 

0018 

- 0.008 

Intercept <R + 0) <cm| 

35.0 

42 5 

37.8 

Percent decrease 

2 2 

2.3 

2 0 

Body weight loss (Kgl 

- 1.81 

- 5 45 

0.0 


The jMTi'i‘11 1 leg volume change remained 
unaltered throughout all periods ol ihe <*liani I m‘T 
study , ami the experimental data suggest that a 
decrease in thr ahsolutr leg rail circumference had no 
effect upon thr percentage leg voluinr change during 
LBNP stress. 

Equipment Problems 

Thr body temperature measuring system proved 
unsatisfactory lor measuring thr temperature ol the 
rar ranak however, it was adequate lor oral 
trmperaturrs which wrrr rrrordrd Indore eaeh 
LBNP1) test. 

A consistent discrepancy Iwtween the blood 
pressure mrasuriiig system and auscultatory blood 
pressure recordings was noted throughout tin* 
experiment. The values recorded In the system were 
below thr auscultatory A cheek ol thr system after 
the in-ehainber phase revealed transducer oil sets. 

A Marshall Space Flight Center LBNPI) waist seal 
and two prototype Welson seals ol different girlli 
were used during tlic experiment. I he Welson seals 
were found to be more comfortable, lighter, and 
more pliable. ITiey also showed a lower Irak rate. As 
a result, Welson seals have been recommended for the 
Sky lab missions. 

Conclusions 

Both the Sky lab LBNP hardware and data 
acquisition system operated satisfactorily. Previous 
studies of individuals conlined in hypobaric chambers 
where physical activity wa> severely limited have 


shown evidence of reduced orthostatic* tolerance. 
Similarly, it has hern reported that even strict 
four-day chair rest can produce this effect. In the 
M092 experiment, the astronauts entered the 
hypobaric chamber in good physical condition and 
exercised daily . These were undoubtedly factors in 
the maintenance ol physical Illness. Impaired 
orthostatic tolerance, maiiilested by the increased 
heart rate, diminished systolic and pulse pressure, and 
increased tendency to syncope in the upright 
position, or during LBNP, not observed in this 
experiment. 
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Exposure to weightlessness is known to affect 
cardiovascular dynamics, which arc the heart of life 
processes. One of the most reliable and informative 
measures of cardiovascular functioning is the 
electrocardiogram (EGG), which monitors cardiac 
electrical activity. Because of its usefulness, the EGG 
has been a mandatory adjunct during space flight. To 
date, most in-flight monitoring has relied on one or 
two bipolar chest leads for data on heart rale and 
rhythms. Standard twelve-lead electrocardiograms 
taken before and after the missions have provided the 
inlormation on wave form changes resulting from 
space flight. 

Neither ol these two sources allows quantitative 
analysis. The vectorcardiogram (VCG) is a special 
type of EGG whose electrode lead placement portrays 
the heart’s electrical activity along three orthogonal 
axes. VCG data have the advantage of permitting 
quantitative analysis. 

Preflighl and post fligh t vectorcardiograms were 
recorded from all nine crewmen of the Apollo 15, 16 
and 17 missions. It was clear from the tests that 
certain aspects of the crewmens VCGs had been 


significantly altered. Since there were no in-flight 
data, however, how and when these changes occurred 
could not he determined. 

The Sky lab missions present an opportunity for 
monitoring VCG a inflight and expanding our current 
knowledge of how the cardiovascular system responds 
to weightlessness. During Skylab, VGG's arc being 
taken at regular intervals. The data are collected while 
the crewmen are at rest and before, during, and after 
a two-minute exercise period. VGGs arc also 
monitored during the metabolic activity (MI7I) and 
lower body negative pressure device (M092) 
experiments. Eventually, tin* Sky lab vectorcardio- 
grams will he correlated with anatomical shifts 
in the position of the heart and body fluids, 
changes in heart size, altered myocardial perfusion, 
and other modifications in cardiac function so that 
the effects of space flight can he clarified. 

During SMF.AT, the 56-day Sky lab simulation, 
tin* vectorcardiograms for all three crewmen wen* 
monitored in accordance with the Skylab protocol. 
The purpose was to obtain baseline data and to test 
the VCG hardware. Because of initial data reduction 
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problems and subsequent shilling ol priorities to the 
actual Shy lab pret light tin* SMKAI vector- 

cardiograms have not yet been analyzed. Ibis report, 
therefore, deals only with the VOi hard wart- and its 
performance. 

Equipment 

Tin* equipment used to p* rlorm tin* vector- 
cardiogram tests consists ol live Basic items. lour oi 
the items. including the electronics module, tin* 
subject interlac e box, the eleetrieal umbilical, anil the 
electrode kit. pertain to t h »■ vectorcardiogram 
recording system. A picture ol the system is shown in 
Figure 7>-l. The tilth item is a bicycle ergometer 
exercise dev ice. 



Figure 5-1. The vectorcardiogram -vsteni. 


The electronics module, which is uiounted in the 
experiment support system, lias several elements. One 
ol these is the Frank resistor network, which takes 
the electrical signals from the electrodes worn by the 
crewman and combines them to form t hr three VCO 
axes. Heart rate circuitry is another element oi the 
electronics module. Tin* heart rale circuit computes 
the average heart rate every live heals from any one 
of the three V(l(# axes. The module also has 
calibration circuitry, which provides a precision 
voltage, .3 ± .01 millivolts at 10 11/, lor signal 
conditioner and telemetry calibration. Finally, the 
module contains a system lor cheeking tin* impedance 


between each electrode and the ground electrode u> 
well as isolation circuitry to ensure tfiat there are no 
low impedance paths. Electrode isolation and 
impedance are displayed on an electrode test meter. 

The subject interface box is a portable electronics 
package that can be mounted on tin* lower body 
negative pressure device or on the ergomeler. It 

houses tlie V(.(i electroshock protection circuitry, 
preamplifiers, a signal conditioner lor tin body 
temperature measuring system, and interconnecting 
wiring lor the blood pressure measuring system. The 
body temperature and blood pressure measuring 
systems are described in more detail in the reports on 
experiments \KMJJ and \l I 7 I . 

The electrical umbilical connects the experiment 
support system to tin* subject interlace box and 
provides the electrical path between these two units. 

The Y(!(» harness is the principal item in the 
electrode kit. The harness consists ol seven active 
electrodes, one ground electrode, and connectors lor 
the body temperature probe and the subject interface 
box. Figure fi-l! illustrates the YE(i harness in place. 



Figure 5*2. The vertorcardiogram harness in place. 
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The k i 1 also contains elerlroly lc saturated 
sponges which arc placed inside the electrodes to 
provide electrical contact with the skin. Slomaseal 
tapes used to attach the electrodes to the skin, and 
wet wipes lor cleaning the skin In-lore and alter each 
run. 

The bicycle ergonicter, the exercise device used in 
tlie experiment, operates like a bicycle w ith seat, 
pedals and handlebars. I lie pedal lon e is controlled 
hv a venerator that can he set lor specific workloads 
expressed in watts. The ergometer is also part id the 
equipment lor the metabolic aeti\it\ experiment. 

Procedures 

The vectorcardiogram test was perl termed on each 
crewman every llurd day during the oh-duv 
simulation. The protocol consisted of a live-minute 
rest period followed by two minutes of controlled 
exercise and a ten-minute recover) period. Prior to 
each test, the equipment was calibrated and the 
subject isolation and electrode impedances were 
checked. Dunne the actual monitoring, tin- three 
VL< i signals and the heart rate were sent via 
telemetry to the medical support personnel. I he 
heart rate also appeared as a digital display on the 
electronics module. 

Results 

In general, the equipment performed well. I he 
most important experimental data, the three 
vectorcardiogram signals, were received tor all runs 
without any hardware malfunctions. Several problems 
did occur and were resolved in the course of tin- 
experiment. 

The heart rate circuitry did not perform 
correctly. This was traced to a manufacturing error 
which caused the 4 kl I/, oscillator in the cireuitrv to 
malfunction. The manufacturing process was revised 
and a new oscillator installed. 


A second problem that could he traced to the 
manufacturing process concerned tin* Hendix 
connectors on the V(.(» harnesses. I he connectors 
showed signs of galling because the mating halves 
were threaded loo tightly. A new manufacturing 
process was instituted to correct the problem. 

Another difficulty with the VHI harnesses was 
that thev did not provide enough electrical contact 
with the crewman's skin, The original harnesses were 
replaced with new harnesses winch had shallow well 
electrodes that operated more effectively . 

Two of the crewmen lound the \ ( X • harnesses 
too small. Larger harnesses which proved to he 
satisfactory were passed into the chamber during lie 
test. Since then, the Skvlali crews have been 
measured for harness size, and tin- standard size lias 
been lound adequate. 

The tapes used to attach the electrodes to the 
crewman produced some irritation. When used over a 
long period ol time, these tapes olleti cause irritation, 
hut the procedures for attaching and removing the 
electrodes during SMKAT aggravated the problem. 
Once tin- crew had eliminated the vigorous nibbing 
that was pari ol skin preparation, the irritation 
stabilized, file Skylah crews are being tested lor 
unusual reactions to the tape and are bring given 
alternate electrode sites. 

finally, the V ( X J sponges occasionally proved to 
he too dry. Since the experiment, the manufacturer 
lia> agreed to include a vacuum integrity test to 
eliminate this problem. 

Conclusions 

The Skylah vectorcardiogram system was 
thoroughlv tested during the .lb-day S\1Iv\l 
program. Kxcepl lor a few problems which were 
readily resolved, the equipment functioned very well. 




CHAPTER 6 


HEMATOLOGY/IMMUNOLOGY (MHO SERIES) 


Introduction 

Man s exposure to weightless space has nut been 
without effect upon tin* formed element of his Mood 
and upon hemodynamics. Oncol the earliest findings 
was that red hlood tell mass was reduced 

post flight . This was Inn* lor both (ieminiand \pollo 
spacccrew's. Looses were. however, greater lor crews 
exposed to I IM) pendent oxygen environinen Is than 
tin*) wen* lor t rews engaging in missions in which 
residual nitrogen remained in the breathing atino- 
sphere. On this basis, it lias been theorized that tin 
decrease in red hlood cell mass is a result of hemolysis 
caused by exposure to pure oxygen environments. 
Skylab experiments will stud) various aspects ol tin- 
red blood cell, including its metabolism and life span, 
and blood volume changes under zero gravity condi- 
tions to determine tin precist* mechanism ol the 
transient changes which have been seen on the 
relatively briel missions ol the past. 

After space flight, the number of lymplioc) tes 
has fluctuated significantly for a brie!' period. I lie net 
number of white blood cells has been generally 
decreased, but the immunocompeteiiee ol the cells 
appears to remain staMe. This is a promising finding 
in that it indicates the integril) of tin* human 
immune system is unimpaired by space Might condi 
tions. The influence of longer duration exposure 
awaits further investigation. 

A small number of chromosomal changes lias also 
been found in while hlood cell samples from (icmini 
and Apollo astronauts. This change is important in 
itself and as an indicator of radiation exposure. 


Skylab will extend (lie investigation ol this 

plieiiomeii m and, at the same lime, test the 

hypothesis that a s\ lurgisin exists between radiation 
and some spare Might factor in producing 
chromosomal changes. 

The 1 1 v in a t olog\ Immunology Experiments 
(M I 1 0 Series) im the Skylab mission present the 
opportunity lor the first time in the American space 
Might program to sum pic hlood in Might am) to study 
it for corroboration or contradiction ol pm ious 
post flight data obtained in vitro. The experiments 
also are expected to amplilv the nature of any 
changes w hieli do occur. 

While the M I ID investigation is an extensive 
one, it is not intended to be an all inclusive 
coverage of man's immuuobemalologieat functions. 
The experiments dev ised and selected are those 
which should represent the most sensitive 
indicators ol change in man s normal biochemical 
functioning in space*. 

The SMEAT Heinatological/Immunological Series 

There are indications that some hematological 
responses, notably red hlood cell responses, may be 
linked to atmospheric* variables. Many other factors, 
however, may be involved. The entire 
hrmalological/iniMtunological series was included in 
the SMEAT experiment to examine* tin* (fleets ol 
Sky lali conditions without the confounding influence 
of weightlessness. In this case, as in tin* ease ol other 
medical experiments, SMEAT presented an oppor- 
tunity for equipment and procedures validation. 


6-1 
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SkYEAB MEDICAL EXPERIMENTS ALTITUDE TEST 


1 hi* hematology anil immunologv experiment 
scries im hulril live separate » \ perimenl elements. 
These were : 

I. Experiment Mill Gvtogenic Studies of 
Blood 

2 Experiment Ml 12 Investigation of Mans 
I mtnune System 

• I. Experiment Ml IT Hlooii Volutin- ami Bed 
( i ll I Tie Span 

E E \ penmen l Ml IT Bed Blood (!e|| 
Metabolism 

5. Experiment Ml I f> Serial I lemaluiogical 
Effects. 

Each oi these experiments will hr d trussed individu- 
ally. As tliry shared common equipment and pro- 
cedures in many case*, these will Im- described first, 
anti only those items specific to an experiment will be 
included in conjunction with each experiment discus- 
sion. 

Kquipment lor Ml 10 Series 

The live experiments in the Ml It) Series (as 
well a> two in the M070 Series, mineral balance 
and fluid bioassay ) required blood samples as part 
of their experimental protocol lor the SMEAT 
test. Tin 1 equipment used during tin* test was 
being developed lor zero g blood draw ing 
processing. and storage. I hiring the SMEAT test, 
no attempt was made to store tile samples; they 
were passed out oi tlie chamber lor analysis. 

The principal items of equipment required for 
the hematological and immunological experiment 
series e<uisisted ol items required lor blood 
sampling. 

Prechamber Mood Sampling Equipment. Pre- 
chamber blood samples were drawn from the 
crewmen by venipuncture using an infusion set 
with a TO mm plastic syringe and a 

2 1 -<i thin-walled silieoned needle with a 20-G bore. 
The samples drawn were transferred immediately 
to silieoned tubes eon tain titer various anti- 

coagulants. The equipment used i> illustrated in 
Kigure 0-1 . 


Ingham her Mood Sampling Equipment. The 
equipment tjsed to >amplc blood during chamber 
activities was a^ lollows: 

1. TO mm disj tosable syringes and one-inch 
needles with 20-G bores. 

2. Automatic* sample processor. The I I ml 
sample was transferred to an automatic 
sample processor (ASP) containing an anti- 
coagulant (l.i-EDTA). 

T. Blood sample vial (BSY). On the first and 
last samples, 0.1 ml of the blood sample 
was transferred to a small capsule (2ec) for 
fixation (in 0.5 percent phosphate-buffered 
giulcraldehyde). 

4. (.rntriluge. The II mi samples were 
processed by eentri luxation in tlie chamber 
to separate the plasma and cell fractions. 

5. Automatic sample processor evacuation 
regulator (ASPEB). I'his device* is used to 
evacuate the automatic sample processor 
prior to each blood sample transfer. 

6. Swabs, tourniquets, stowage pouches. 

Blood Sampling Procedures 

Blood samples were* taken prior to the 
chamber run according to the schedule in 
Table 6-1, oriee per week during the 56-day test, 
and on lour occasions after SMEAT was 
concluded. The sample data span a period of one 
hundred days. I lie size ol each blood sample for 
each experiment is also indicated in Table* 6-1. T lie 
larger samples drawn on three selected in-chamber 
sample days provided sufficient blood for a 
microbiological study specific to the chamber 
mission. 

Pretest samples were distributed to the 
appropriate principal investigator or laboratory 
representative lor analysis. In-chamber samples, as 
noted previously, were* passed out of tlie chamber 
for analyses which were performed onsite. In an 
operational mission, samples are frozen and 
stowed. 
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I i gun- 6-1 . Blood sampling rquipinrnl. 
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Results of Blood Sampling Technique 

The SMI' AT crew carried out blood drawing 
procedures very competently. No samples wen 1 lost 
or compromised because ol any crew procedure. I he 
SMKAT test clearly demonstrated lhal it was teasihle 
lor crews to draw and process blood in a Sky lab-type 
environment. 

There were certain problems with tin* Mood 
draw in" procedures and equipment. Where these wen* 
relevant to Sky lab equipment or procedures, the 
appropriate remedial steps wen* taken. 

Blood Sampling Difficulties 

The major problem experienced by crewmembers 
in the drawing ol bloods was one which could not 
have been identified in the absence ol an experiment 
conducted under chamber-simulated Skyiab condi- 
tions. The crew experienced difficulty ill drawing the 
blood from superficial veins, even with proper pene- 
tration of these veins, i hey believed these problems 
to be caused by venous spasms which may have been 


h-r» 

associated with reduced operational pressures. I Im v 
did not encounter the dillieully when deeper veins 
(particularly tin- antieubital) were used. 

The principal problems associated with equip- 
ment wire leaking of syringes and misalignment ol 
the centrifuge. Syringes b aked Irotn time to time at 
the ncedle/syringe interlace. This problem should be 
precluded in the Skyiab missions which will use 
syringes with a threaded locking tip lor positive 
needle attachment. 

The cover of the centrifuge became easily mis- 
aligned, and the crew reported excessive vibrations 
associated with its use. Redesign which included 
dynamic balancing ol the eeiitriluge head assembly 
and reduction ol the clearance tolerances on the 
cover alignment tails will eliminate both problems 
during operation ol the eeiitriluge in the Skyiab 
missions. 

Blood processing procedures wire adequate. \ 1 1 
samples were in a proper condition lor analysis and 
permitted successful analyst's to be conducted. 
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PART A: CYTOGENETIC STUDIES OF THE BLOOD (Mill) 

Lillian H. Lockhart, M.D. 

University of Texas, Medical Branch 


(iriH’lir cllects have been associated with spare 
I li*rli( exposure. and these have been ol crreater 
magnitude llian would hr expected on the basis ol 
tin* radiation doses received. Tin changes liavr been 
observable in tin* lorm ol a slight itu Tease in tin* 
nmnlMT ol chromosomal aberrations in leukocy Ir 
samples examined alter both orbital and suhnrhita! 
space minions. These observation* have led to the 
hypothesis dial there is a s\ n^erisin between radia 
lion and some other parameter associated with space 
ilijlhl (Jenkins, MJfiH; Si>ak\an et ah. IHbT: Lomlo, 
MMdt). Hie ellcets observed cannot presently lie 
eorrelateil with mission duration, extravehicular 
activities, or any other know n factor. 

The Skv lah experiment M I I I . e\ t ocelli' tie studies 
ol the Wood, is designed to determine w liether some 
space lli^hl parameter produces ev lo«rriirtic elleets in 
cells. At the same lime, heeaiise chromosomal aherra 
t ion s are a sensitive method ol radiation dose 
estimation, the experiment will provide a biological 
radiation dosimetric capability in the event ot 
si^nilieant radiation exposure from an unexpected 
solar Hare cv ml. 

The SMI \ I lest provided an opportunity to 
study the cherts ol the Sky lab environment without 
(In weightlessness factor on chromosomal aberrations 
in leukocytes. I iilortimately , control subjects were 
unay ailahle lor the st nd\ . 

Procedures 

Four prechamlMT and tour postehaniher cultures 
were made on blood sample* draw n Irom SMI. A ! 
crew members. In ehamher bloods were also drawn. 

Culture Preparation 

Cultures were prepared by adding blood to a 
medium containing pin toln nia^lutnim which stimu- 
lates leukocytes to undergo l)V\ synthesis and 
mitosis. Late in the incubation period, a mitotic 
inhibitor was added to slop cell division in 


melupliasc \lter centrifugation, cells were 
resuspended in sodium citrate, resulting in better 
chromosome spreading, and then fixed in methyl 
alcohol and glacial acetic acid. The lixed specimens 
were stained with W right's stain and mounted in 
Luparol. 

Chromosomal Analysis 

\ tninimuui ol TOO metaphase cells was selected 
by !< >w maenil nation microscopic scanning. Cells 
w ith suspected structural delects ( ( J7 of these* were 
noted ) were photographed and kary otyped. 

Results and Discussion 

Minor chromosomal delects were noted, including 
chromatid ^aps and breaks, isoehromatid <:ups anil 
lireaks. and Ira^menl-. These delects are found in a 
small percent ol otherwise normal individuals and 
increase temporarily under c ertain conditions iuelud- 
in«z exposure to various drti^s, viruse s, and ioni/.injr 
radiation and isotope injections. Additionally . a small 
number ol more H<inilirant aberrations was seen. 

I able ( i 2 "bows chromosomal aberrations 
identified in the >MI\ A I lymphocyte cultures. The 
table indicates minor delec ts as well a> tin- more 
significant structural rearrangements. The time* of 
isotope injection*. ii»\« n lor other experiments, is also 
noted . 

I In* re hi Its ol tin* study appear to indicate* that 
tin* chamber environment had no deleterious effec t 
where chromosomal aberrations of tin* ty pe studied 
are concerned. I In* first posit Jiamher *tud\ showed 
values comparable to the first preehamber study (see 
I able b-2). I idlow inj: isotope* injection, tin* pe r 

cenlajjfe of efiromosoinai aberration inc reased to levels 
w ell above tin normal runjje. Since the c rews mitered 
no obvious illnesses, invested no dru ns, and hacl no 
unusual exposure to nmi/.in^ radiation during their 
stay in tin* chamber, it appears like ly that tin* 
aberrations seen following isotope injec tion were due 
principally to these. 
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( JimimHHiir Aberrations in 
Lymphnr) U Culture I rum SMKAT Astronauts 


Date and 

Isotopes 

Minor 

% Minor 

Structural 

Astronaut 

Iniected 

Defects 

Defects 

Rearrangements 

Prechamber 





6-26-72 





A 


17 

2.7 


B ; 


6 

3.0 


C 


4 

2.0 

1 - Translocation 





1 - Dicentric 

6-27 72 





A 


10 

4.8 


B 

i 

7 

3.4 


C 


13 

6.2 


7 3-72 





A 


14 

6.7 


B 


16 

7.8 

1 Dicentric 





1 - Chromatid exchange 

C 


10 

5.0 


7-22-72 





A 


7 

3.4 


B 


10 

4.8 


C 


13 

6.2 


Postchamber 





9-20 72 





A 


7 

3.3 

1 - Translocation 

B 


2 

0.9 

1 - Chromatid exchange 

C 


5 

2.1 


9-21-72 

I 




A 


14 

6 3 


B 


6 

2.6 


C 


6 

2.7 


9-25-72 





A 


13 

5.5 


B 


14 

7.0 

1 • Dicentric 





1 - Ring 

C 

« * * 

19 

8.8 


10-572 





A 


15 

6.6 

1 - Pulverized cell 

B 


5 

2.3 


C 


13 

6.0 

1 - Dicentric 


*3 h 125| 51 Cr 35 $ (6-26-72) 
• # 3 h 125, 51 Cr 35 s 42 k (g.20-72) 
“ 42 K f 10-4-72) 
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Structural rearrangements of a more unusual 
nature were noted in prechamber cultures, prior to 
the injection of any radioisotope material, and in 
postcliamher eullures in two ol tin* crewmen. 

At the cytogenetic laboratory. Department ol 
Pediatrics, University ol Texas Medical branch, with 
which the author is affiliated, some 13,000 cells are 
examined annually, and among these, translocations 
(chromosomes will) extra chromatic attached) are 
rarely seen. Chromatid exchange, dicentric chromo- 
somes, and ring chromosomes are rarely ii ever seen 
except in conjunction with a lew conditions with 
which they are expected. King chromosomes are 
found only in persons with multiple anomalies. 

Figure h-2 illustrates the more serious 
chromosomal abnormalities in the SMhAI crew. 
While the number of these aberrations is quite small, 
such chromosomes were found in all crewmembers 
during all phases of the study both pre chamber and 
postcliamher and l»oth before and alter isotope 
injection. It is interesting to note that Gooch and 
Berry (1%*)) reported occasional defects of the same 
kinds in the Gemini astronauts both [ire and post- 
flight. The clinical significance ol then* findings is not 
apparent. Clearly , such finding!* bear further investiga- 
tion. 



*> i II . . 

II ll 

Figure 6-2. SMEAT abnormalities. 



Conclusions 

The cytogenetic study of the SMEAT crew 
appears to indicate that Skylab-type environmental 
conditions have no deleterious elicit upon 
chromosomal material. The findings art:, however, less 
clear-cut than might he desired, due in large measure 
to confounding of the experimental design by the 
administration <>l isotope injections lor the purposes 
of other experiments and to the lack of control 
subjects. 
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PART B: INVESTIGATION OF MAN'S IMMUNE SYSTEM (Ml 12) 

Stephen E. Ritzmann, M.D. 

Shriners Burns Institute 
William C. Levin, M.D. 

University of Texas, Medical Branch 


Certain indications from space flight results 
suggest that some factor in the spate environment 
may influence mans immune status. The human 
immune system comprises two “subsystems,” the 
humoral, consisting of immunoglobulins, complement 
factors anti related serum proteins: and the cellular, 
represented by small lymphocytes (T-cells), originat- 
ing in the thymus, and macrophages. 

The cellular portion of the immune system 
protects against diseases such as tuberculosis and 
fungal and certain viral infections. It confers trans- 
plantation immunity and delayed skin hyper- 
sensitivity, and may represent a surveillance system 
against autoimmunity, neoplastic transformation and 
oncogenesis. Serum proteins indicate the status of the 
human body in defending itself against foreign 
challenge. Many of these proteins, such as albumin, 
remain fairly constant during a challenge to the body 
while other proteins like haptoglobin change rapidly 
upon onset of a disease. Measurement of proteins 
such as the immunoglobulins (IgA, IgM, lg(i, and 
IgD) give distinct information as to how man is 
responding immunologically by making antibody 
against an invading agent. 


Some of the elements of the immune system have 
undergone small, temporary changes after space 
flight. For example, haptoglobin has been consis- 
tently elevated postflight in Apollo astronauts. 
While this may be related to some stress imposed, 
perhaps subcliniea! infection or phvsiological/cmo- 
tional stresses related to reentry, the precise signif- 
icance of this finding has not been determined. 
Individual astronauts have also exhibited significant 
inerease?-v in lymphocyte numbers shortly after re- 


covery. Again, the significance of the finding i> 
unk now n. 

The changes which have occurred in the immune 
system ol the spaeeerew men have not been detri- 
mental to health. Nevertheless, it is important to 
quantify the significanee of the characteristic patients 
noted Indore man is committed to extended missions. 
Significant alterations of the immune mechanisms, if 
these did occur and were of a serious nature, could 
reduce a crewman s ability to combat infections and 
repair traumatized tissue in the space flight environ- 
ment and after return to earth. 

The Skylab experiment VI I 12 is planned specif- 
ically to delect quantitative and qualitative changes 
in tin* immunoglobulins and related proteins and 
lymphocyte functions. Inclusion of this experiment 
in the SMEAT Program permitted an investigation 
of factors of the Sky lab environment other than 
weightlessness on the parameters of interest. It also 
provided haselinr data for the Skylab missions. The 
SMEAT version of experiment Ml 12 consisted of two 
investigations, one dealing with humoral responses 
and the other with lymphocyte reactivity. 

Humoral/Immunological Responses 

in this phase of the experiment, total plasma 
proteins were determined as were plasma protein 
fractions, that is, albumin, aiphaglohulins, beta- 
globulins, and gammaglobulins. 

Proced ures 

Prcch amber, in-chamber, and postchamber 
samples were taken. All three SMEAT crewmen 
participated (sec Table (VI). Three other men served 
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as controls while the crrvv was in the chamber. All 
results were compared with those lor Apollo mission 
astronauts. Figure 6-.I sliows tile process scheme for 
blood samples lor both phases ol the Ml 12 expert- 
ment. 


COLLECTION SITE 


| Blood sample j 

111 ml heparinized 

Separation of blood sample 
Plasma j RBC [Bully coal 

Not used 


TRANSPORTATION 


[lymphocyte separation] 

! Culture and 
incubate lymphocytes 


I 


LABORATORY 


Tran spoil at Transport at 

200 to ?b n C | 3’ 11 • 1° C 

1 1 i - 


[lymphocyte anaiysesj 
1 1 Plasma protein analyses] 


Figure 6-3. Blood processing for Experiment Ml 12. 


Various tests were used to determine serum 
protein concentrations. These were as lollows: 

1. Total serum protein determinations. Serum 
protein determinations were made using a Rausch and 
Lomb serum protein meter This instrument measures 
the amount of protein based on the formula* 
corrected index of refraction of the known serum. 

2. Serum protein electrophoresis, hlectrophoresis 
separates elements of the albumin and globulin of the 
plasma, among them alpha- 1, alpha-2, beta, and 
gammaglobulin, on the basis of the electrical charges 


of these molecules.* Llcctrophorcsis was performed 
on cellulose acetate membranes at 250 volts for 
1 4.5 minutes. The membranes are fixed, stained, and 
dried, ami scanned with a densitometer. With the use 
of a computer, data readouts are provided in terms ol 
gram percent values lor each protein fraction as well 
as percent of total protein for each separated 
fraction. 

3. Electroimmunodiffusion (Ell)). I he LID 
method permitted ipiantification of those serum 
proteins not identified hy means ol the other tests 
employed. These included transferrin, haptoglobin, 
and others. Tin* LID process separates antigens hy 
exposing them to specific precipitating antibodies. 
Identification i< possible because antigens migrate at 
different rates when exposed to specific precipitating 
antibodies. 

Results 

A variety of humoral responses were noted alter 
56 day?* of exposure to the SMRAT environment. I he 
most noteworthy ol these was a rise in the serum 
immunoglobulins IgC and IgN. Total serum protein 
lor all three crewmembers and controls remained 
within normal limits and was steady during the study. 
Findings for specific serum proteins are summarized 
in Table 6-3. 

Conclusions 

Data for the SMIvAT crew suggest that an 
immune reaction may have occurred during the latter 
days of their slay in the chamber. 1 he exact nature of 
the agent or agents causing the response is unknown. 
No clinical illness was obvious during the course of 
the study. The immune changes must, therefore, have 
represented either a subolinical illness or challenge hv 
a nondisease-producing agent. 


^Different proteins have different proportions of acidic and 
basic side chains, and. hence, different isoelectric points. In 
a solution of a particular hydrogen ion concentration, some 
proteins move toward a cathode and others toward an 
anode; depending upon the size of the charge as well as 
upon molecular size and shape, different proteins move at 
different speeds. This difference in behavior in an electric 
field is the basis of electrophoresis. 
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Controls produced a wide variety of responses, 
probably because they were not confined or pro- 
tected from contact with infectious agents, and 
showed signs of contact with agents. 

Table 6 d 
Humoral Responses 


Serum Protein 

Finding 

Albumin 

Normal; low in first posttest sample 

CL j -Globulins 

Normal 

Oni -Globulins 

Normal 

p-Globulins 

Normal; fluctuated in one control 

"/-Globulins 

Normal 

T ransferrin 

COR, PLT low-normal, controls 
normal 

Haptoglobin 

PLT steady; CDR, SPT elevated IT, 
controls low 

Ceruloplasma 

Normal, steady 

Gamma A 

Normal, steady 

Gamma G 

PLT, CDR high-normal 

Gamma M 

| Normal 

Gamma D 

Normal 

B,A 

Fluctuated; no significant change 

C^Macroglobul ins 

Normal 

a, Acid glycoprotein 

Steady trends; no significant changes 

Antitrypsin 

Normal 

Australian antigen 

Negative 

CRP 

No significant changes 


The results of the SMKAT study do not correlate 
with the changes seen on most Apollo flights. During 
Apollo missions, there was a post flight transient 
increase in IgA but no significant differences in lg(i 
or IgM. Marked elevations were observed in hapto- 
globin, ceruloplasmin, and Cl| -arid glycoprotein alter 
some missions. A moderate decrease in transferrin 
was noted in the late post flight observation interval. 
C^AI-globulin revealed a biphasic pattern, with an 
increase immediately post flight in most cases, and 
subsequent decrease to below preflight control values. 

Apollo studies suggest that while the humoral 
immune system of crewmen subjected to space flight 
shows some characteristic patterns, these changes are 
not detrimental to health and do not appear to be a 
limiting factor for extended manned missions. 

The SMEAT results imply that the patterns 
characteristically observed on Apollo, especially w ith 


respect to changes in the carrier protein, may U* due 
to a feature unique to space Might and not to flic 
chamber environment. The addition of inflight 
sampling on Skylab will help to establish the time 
course of these changes if they persist. 


Lymphocyte Reactivity 

Examination of the cellular component of the 
human immune system, small lymphocytes and 
macrophages, can provide indications of the status of 
the immune system as a whole. Two aspects oi these 
cells were considered. First, antigenic responsiveness 
was determined by quantification of in vitro rates ol 
synthesis of RNA and l)NA in the presence of an 
antigenic stimulant. These functional changes are 
paralleled by morphologic changes, which wen*, 
therefore, also examined. 

Lymphocyte Antigenic Responsiveness 

Lymphocytes wen: examined for in vitro 

antigenic responsiveness by quantitating tin* rates of 
synthesis of RNA and DMA both in the presence and 
absence of the mitogen phy lohemagglutinin (I’llA). 

Procedures. The three SMKAT crewmembers 
participated along with nineteen controls. 
Lymphocytes were separated from heparinized 
venous blood by fieoll gradient centrifugation and 
cultured with or without PI 1 A in appropriate media 
(Kvans & Middleton, 1970). At the time of maximal 
RNA and DNA synthesis (24 and 72 hours, re spec- 
tively), cultures were pulsed for one hour with either 
1-uridine or I -thymidine. The radioactivity in- 
corporated into washed lymphocytes was measured 
b\ liquid scintillation spectrometry. Lymphocyte 
viability at the time of harvest was assessed by 
supravital florescent slain, and the results calculated 
as ^ll disintegration per minute (|)RM) per million 
viable cells by correcting for quench and counting 
efficiency. 

Results . Lymphocyte reactivity for the SMEAT 
crewmen remained within previously established 
normal ranges during the period extending from T-20 
(twenty days prior to the chamber lest) to R + 5 
(five days after conclusion of the test). The pattern of 
response was similar to that exhibited by Apollo 
mission astronauts. 
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figure 6*4. Serial determinations ol K\ \ synthesis m 
stimulated (lop and unstiimilaled (button) lymphocytes in 
control subjects. Shaded areas demark the ‘MHh percentile 
normal range. 


Figure b-4 illustrates serial determinations ol 
RNA synthesis liy both stimulated and unslimulated 
ly mphocy tes Iroin the nineteen controls. Figure (V.) 
illustrates these data lor DNA synthesis by normal 
lymphocytes. Figures h-h and 6-7 indieate the same 
data lor lymphocytes cultured pret handier and post- 
chamber lor the SIMLA I errwmru. 1 hese mean 
synthesis rates can be seen to remain within the 
Wth percentile also, hut individual values show some 
scattering. There was a market! decrease in RNA ami 
[)NA response on R+ 14 lor all three crewmen. DMA 
svnlht •sis rates were below normal lor two ol the 
three crewmen. 


DNA 



figure 6-T). Serial determinations of DN A synthesis in normal 
lymphocytes in control subjects. 


Leukocyte Morphology 

Procedures. For this phase ol tin* study, 
lymphocytes were cultured for a three-day period 
with phy lohcmagghiliniiK extracted from the kidney 
bean. Appropriately stained preparations were then 
examined in the usual manner. 

Results. F igure 041 illustrates the results. As can 
he seen, moqdiologic alterations ol the small 
lymphoeylcs parallel the increase of RNA and DNA 
synthesis rates. The Mastoid transformation is illus- 
trated at (lie upper righlhand corner of the figure. 
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T— 20 T-6 T**1 R+OR+5 R + 14 

Figure 6-7. ON A synthesis rate for SMFAT crewmen, 
prechamber and postchambcr. 


Conclusions . Fifty -six days of residence in a 
Sky lab-type environment produce essentially no 
change in the reactivity of the immune .system, as 
typified by the rate of KINA or DNA synthesis in 
small ly mphocytes. Tlie one point of divergence 
between the SMEAT crew and previous Apollo crews, 
a marked depression in synthesis rales on the four- 
teenth day after the chamber study, may Im' due to 
some technical difficulty in the experiment. This 
issue is being investigated further. Lymphocyte 
morphology changes paralleled functional changes. 
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PART C: BLOOD VOLUME AND RED CELL LIFE SPAN (Ml 13) 


Philip C. Johnson, Jr., M.D. 
Baylor University, College of Medicine 


The oxygeii-carrv ing capacity ol lilt* circulatory 
>trm is inherent in tin* ml blood cell ami decreases 
the number ot red blood cells decreases. Bed blood 
( ell mas.- was reduced postflighl in virtually all \|>ollo 
astronauts. KIM. mass reductions were, however, 
notieealdx -mailer lor Apollo 7 and B crewmen. 
Dunne these missions. there w ii- a -mall amount ol 
nitrogen in tin- breathing atmosphere because no 
operational decompressions were required whieb 
would have eliminated the nitrogen introduced at 
launch. These f indings led to tin* hypothesis that red 
blood cell mass changes were tile result ol the 
increased partial pressure ol oxygen in the spaeeeral t. 

II hvperoxia produced KIM. mass losses, it would 
be likely to do si by one of two mechanisms: 
peroxidation ol the KIM. membrane with destruction 
ol the red blood cell, or inhibition ol er\ tbropoiesis. 
Further, if hemolysis were occurring, older cells 
would be likclv to lie destroyed before younger ones. 
If inhibition ol er\ tbropoiesis were occurring, KIM. 
Mirviva! studies would not show a disproportionate 
number of voting red blood cells. Space flight results 
are equivocal on the point. (»cmini findings lavor the 
first hypothesis; Apollo findings la\or the second. 

Red Blood Cell Studies in Skylab and SWEAT 

Since the S\1K\T atmosphere was not hyperoxie 
as compared w itli (»« inini and Apollo atmospheres, 
reductions in KIM. mass would not be anticipated il 
indeed hv peroxia were tlie factor responsible lor the 
observed lo-ses. It a decrease m KIM. mass were found 
alter >Mi;\T, a mechanism other than hyperox ia 
would have to lie considered to explain the space 
flight data, especially if similar reductions were to be 
found in Skv lab crew s. 

Failure to find KIM - mass reductions in SMI*. A I , on 
the other hand, would provide further evidence in 
support of the theory that prior KIM! mass losses in 
jqiacr crewmen resulted from exposure to hyperoxic 


atmospheres. \n\ changes in KIM. mass or hie span, 
should these be loiiud alter the Skylab missions, 
could more clearly be attnhulcd to some factor 
unique to the space environment and not to the 
gaseous atmosphere. If reductions were found in 
Skylab crewmen, the UKC life span studies would 
help to clarify the mechanism ol action. 

Plasma Volume Studies in Skylab and SME A T 

Space (light has also produced plasma volume 
changes. These, however, have varied with the length 
of the mission. Frews returning from longer missions 
exhibited smaller decreases in plasma volume, or no 
decreases, than did those engaged in shorter missions. 
In lad. plasma volume determinations alter tin 
( H iiimi 7 two-week mission were above premission 
levels. 

Bed-rested subjects also show decreases in plasma 
volume. However, these decreases persist lor the 
entire bed rest period. I his doe- not seem to lie the 
pattern for individuals exposed to weightlessness. In 
missions of vary ing length, plasma volume appears to 
decrease below prernis-ion levels during the lir.-l week 
and to normalize or increase during the second week. 
These changes may represent an adaptation to 
weightlessness and indicate that adaptation take.- 
about seven day- to occur. 

Since it is likely that plasma volume changes un- 
related solely to the removal ol the gravity factor, 
one would not anticipate pla-mu volume changes 
during a I g test. 'I'he lest did. however, afford the 
opportunity to verify experiment procedures. 

Procedures 

Prechamher, in-chamber, and poslchamber blood 
samples were taken for the SMIvAT crewmembers 
(see Table h-l). Data from Femini and Apollo crews 
served as control subject data. 
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Phis experiment had lour parts! in each a different 
radioisotope tracer wa> used: (1)10 determine KIM! 
production rate; (2) To measure KIM mass changes 
ami KIM ! lilt* Spain : (.'{) To determine selective age - 
dcpcmle til <t\ throe \ lr destruction: and (4) To 
elclerminc plasma volume changes. 

Red Blood Oil Production Rate 

TIh* rate ol RIM production was measured 
epiantitativ cly h\ injection ol a known cjuantity of a 
radioaeti\e iron tracer The radioiron, 

combined with globulin, i- transported to other parts 
ol the hod\. Ihc iron (nonlagged and radiuiron) 
whic h reaches the membranous hones i- incorporated 
into the heme portion ol hemoglobin l>\ the hone 
marrow . Since not all the iron appearing in tin 
plasma is used lor er\ throevtc production hut is 
instead taken up hv tlie iron pools of tlie body. a 
fraction ol tin* injec ted radioiron will he unavaiiable 
lor incorporation into de\ eloping R|M!*s. This can tie 
delernitm'd hy measuring tin eoiicentration of 
radioiron in the circulating KIM’ after seven days and 
comparing it with the initial concentration ol 
radioiron in tlie plasma. 

Red Blood Cell Mass and Survival 

\n\ changes in the rates ol KIM. produc tion and 
destruction arc* necessarily rrllrdnl in the* red cu ll 
mass. Suc h changes we re me asured and analy sed by 
injec tion ol radioactive* chromium ( ;^( r in tin form 
ol sodium eliminate) lagged red cells. The sodium 
chromate* dill uses through the* cell membrane where 
it is converted to chromium chloride, and, in (his 
lorm. hound to hemoglobin. The volume* ol RBC s is 
then calculated lev allow me tin chromium-tagged 
cells to disperse* through the circulator) system and 
measuring the extent to wliieh tin* chromium has 
heeoinc* diluted. Chromium incorporated into the 
hemoglobin structure ol the circulating red cells also 
provides a means for estimating the rati* of random 
cell destruction hy monitoring tin* rate* at which 
chromium disappears from the red cell mass. 

Age-Dependent Erythrocyte Destruction 

To determine selective age-dependent erythrocyte 
destruction and mean red cell lilc span, c arbon 14 
labeled gl\ cine* (2-* *(!-glycine) w as injected into a 
supcrlicial arm vein of each crewmember and control 


subject. I fie glycine gives a cohort lag of the* KBC s 
hy its incorporation into the* henie portion of 
hemoglobin and labels the erythrocytes during their 
development. Seepxnlial blood sampling then gives 
the* percentage ol the label in tin* blood at a given 
time (days). R\ plotting these data, a survival curve 
was obtained . The resultant curve was analyzed 
mathematic ally to dete rmine the mean lib* span of 
the* cells. 

Plasma Volume 

Plasma volume changes were measured hv adding a 
known amount ol radioiodinaled (*~M) human 
scrum albumin to each crewmember's blood. 
( Mbtimin pre ve nt- pla>rna fluid from leaking out of 
tin* c apillarie s into interstitial space*.) 

Results 

I able (i-4 indie ales the findings of the* ^l(‘r KB(i 
mass and KIM! -urvival de te rmination.-, and the 
plasma volume* findings. 

RBC Mass Changes and RBC Survival 

I here* was a me an reel cell mass decrease 
ol 2.* pen ’rut w Inch was e*ompensated lor hy a 
mean increase ol * I .h percent in plasma volume* 
resulting in a 2.7 percent decrease in total fxmalo- 
e rit. 1 he weight change of the SPT caused his red cell 
mass and plasma volume* per kilogram of body weight to 
increase post mission f). 6 percent and KT 7 percent 
respectively. |'h* weight changes of the other two 
crewmember.- w»*re not as great >o tln*ir values 
showed a smaller change*. 

OrdiuariK afte r weight loss due to dieting, tlx* red 
cell mass change is proportional to the weight loss. In 
tlx ■ case ol tlx* SP I , tlx* weight loss was accompanied 
b\ an increase rathe r than a decrease in red cell mass 
per kilogram of body weight. This reversal of the* 
Usual findings was prohahiv due to the eflect ol (her 
rigorous physical conditioning program followed hv 
this indiv idual 

KIM. survival, as shown in Table ft-4, was shorter 
alter the SMI. A I mission than tlx 1 values obtained 
p re* mission, but still within normal range. These 
value’s are 1 , however, still within the range* of normal. 
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Selective Destruction of Red Blood Cells 

| In n ’Mill* ol tin* 2- * 7g|\ t in* dehrniinaliiui.s lor 

red n il >itr\ iv «tl ,-hovv no -igmlicnnt shortening ol 
mm an ml n il life span: a value ol more than 
.70 percent during tin 1 00 day- ol tin* lest would 
indicate Mirli a shortenin'*. 

Plasma Volume 

Then- was a slight mean inerea-e m pLi-ma volume 
( * I .ft), I In- i- u i ll w illim normal ranee 

Conclusions 

The re-ults ol this experiment iC ► not indicate 
significant shortening « »l tlx red cell lile span during 
tin* mission . I hi> doe- not suggest that the SMKAI 
environment could not he associated with red cell 
en/v me change—. It doe- -how that any changes in 
m/v me- wen* not -ul I x x nt Iv great to significantly 
shorten red cell survival. There w a- no evidence of 
hone marrow er\ thropnetic Mippre-sion nor u a> there 
anv evidence ot increased red cell destruction. 

Nii technical ditlicidlie- wen encountered. Intra- 
mission hlood -ample- provided additional data 
points re-lilting in more easily interpn table re-ults. 
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PART D: RED BLOOD CELL METABOLISM (M114) 

Charles E. Menget, M.D. 

Untversity of Missouri School of Medicine 


A l one lime the red Itlood cell was believed lo he 
an inert particle composed of water and hemoglobin. 
Further experience, particularly til the area of viable 
red corpuscle preservation, has shown the erythroryte 
to be a d\ namie, living particle doing work and 
requiring energy via glucose metabolism. The average 
life span of thr human red blood cell is estimated to 
lie 1 20 days, and. during these 120 days, it is 
estimated that the average erythrocyte travels 
1 00 miles between the heart and the v arious tissues 
which it serves. 

In order to remain functional and serve its purpose 
effectively, it is necessary that the red corpuscle 
maintain an optimum osmotic balance against a steep 
ionic gradient, resist lorees which trv to change its 
biconcave shape to spherical, and maintain an active 
transport mechanism which allows the passage ol 
glucose and ions across the red blood cell membrane. 

Energy is required to accomplish these functions. 
Most important, energy is required to maintain the 
corpuscle s ability to transport the oxygen necessary 
to maintain life in the body tissues. This energy must 
be obtained by the breakdown ol glucose within the 
red blood cell. 

The Skvlab red blood cell metabolism experi- 
ment (Ml 14) is designed to detect any changes which 
space flight exposure might produce in the glucose 
metabolic pathway. Several key intracellular enzymes 
which would provide clues to such changes will, 
therefore, be analyzed before and alter the Sky lab 
missions. In addition, because little is known about 
the process by which glucose enters the red blood cell 
through the cell membrane, the experiment will 
include an investigation of the chemical composition 
and structural integrity ol this membrane. 1 he 
SMKAT version of experiment M I 14 provided an 
opportunity to examine tin- Skvlab environmental 
factors excluding zero gravity 


Procedures 

All anal) se> of gly cols lie en/.v nits lor the SMI . \ I 
crew were performed before, during, and alter the 
chamber lest. (Control subject- were employed during 
the pretest and in-cliambcr period. All laboratory 
procedures used are contained in the ,|S(. Sky lab 
Laboratory' Procedures Document. 

Results 

Tile results of the gly eolv tie eu/.y me anal) -es art 
presented in Table (Vo. 

Reduced (Glutathione (CSIU. During exposure, the 
value 72 ±44. .4 is significantly different from all 
other values including simultaneous controls. P value 
is less than .024. Values fortiSH levels al ter exposure 
return to preexposure levels. 

Adenosine Triphosphate (MV). A IP shows no 
significant differences; although the after-exposure 
level is much lower than others, no simultaneous 
control determinations were run lor comparison. 

2, S-Diphosphoglvcerate (J.f/lPfJ. Dur 
ing-exposure levels are lower than before-exposure 
levels, hut controls during exposure are not different 
from crew mem Imts during exposure. 

Gluc<tse-6 Phosphate Dehydrogenase (G6PD). Dur- 
ing exposure, the (»hPI) values ol 4.2 ± 1.4 art 
significantly lower (p^C.01) than the 4.* ± 1 .4 values 
of simultaneous controls. 

Ilexokinase (UK). Although values after exposure 
are significantly elevated compared to others, there 
were no simultaneous controls, ami, therefore, no 
definite statement can he made. 
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Red Itlood Oil (* l> eoly tie Knzy mes for SMIvAT ( >evv and Controls 


Oul of Chamber Conuo' 
Glycolytic Enzymes 

Ud'tS 

During 
Mean ♦ SD 

Befort 

(Controls! 

Before 
iCrew i 

During 

(Crew) 

After 

tCrewt 


Mb 

102+39 

166+30 

134.8+27 

72.2+33.3 

91 3+49.1 

Ghdathione 

m rnuh?s gc» P|j 

5.9+1 .1 

7+1.4 

5-5+1. 0 

6. 1+2.3 

3.8+1 .7 

Adenosine tr iphosphatt 

a inoleVgm rib 

5. 6+2.0 

8.0+2 . 5 

8. 1+1.9 

45+2.2 

5.8+1 .9 

?. 3 Diphosphoqiyrerate 

L xlmcTicvi dints qm Hb 

4. 7+1.3 

2.6*. 6 

4.3+1 .4 

3.2 + 1 .4 

5. 5+2. 2 

Gim.use 6 phosphate dehydrogenase 

fcxM'cnun Umls t|Mi Hb 

0.94+0.31 

0. 67+ . 6 

0.58+0.27 

0.78+0.37 

2.2+0. 7 

HexoKmjve 

t munition Ut IS gm Hb 

24 . 0*6.2 

37.6 + 11 . 7 

29 , 9yl 1 - 6 

16.1+6.3 

21 . 5+1 2 . 2 

Phospho 1 1 ucluk mast* 

txb’'C1ioe Units gin Hb 

62.4+13.0 

32. 9+4. 1 

42.2+8.9 

45.2+17.9 

101.9+11.1 

Pdosphugt ycei it kinase 

fcOmcbrn ^nits gm Hb 

18.1+3.4 

23.0+7.6 

22.1+13.3 

16.2+6.0 

25.7+6.2 

Pyruvate kinase 

Extinction Unils gin Hb 

85+3.4 

16.3+5.9 

17.8+6.9 

6. 4+4. 8 

15.2+4.8 

Acetylcholinesterase 

E Ht incbon U nils gm Hb 

58.2+9.0 

61.7+6.4 

60 .4+4.9 

51 .0+5.9 

69.8+6.6 



0. 80+ 43 

1 . 14+.68 

! .47+.61 

0. 74+ . 64 

1.53+1.18 

2 3 Diphosphoqlyceratf 







P h o sphofructokmase 

(PFK). During ex 

posure, 
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Phnsphoglyceric Kinase f/Y/Ai. Phosphoglyceric 
kinase levels at I 5.2 ± 0.0 an* significantly (p<.05) 
lower than all other values ineluiliug the 10. 1 ± d.4 oi 
controls during. 

Pyruvate Kinase (PK), I’K is not significantly 
different. 
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Acetylcholinesterase (ACilK). \( 1 1 1 is signil- 
icantlv ( p < C .01) decreased during exposure at 
5 1.0 ±5.9 versus all other values. Alter- exposure 
values of aeety leholineslerase are significant!) higher 
than other values although simultaneous controls 
were not obtained. 

Conclusions 

Statistically significant diflerem es were found be- 
tween crews and controls for gl\ eolvlic enzv mes. The 
absence of simultaneous controls for the pre- and 
postcharnhcr analyses leaves the significance of the 
findings in the crew during then* periods in- 
determinate. In future studies it will he critical to us 1 
controls during all phases ol the study. 
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PART E: SPECIAL HEMATOLOGIC EFFECTS (Ml 15) 

S. L. Kimzey, Ph.D. 

Lyndon B. Johnson Space Center 


Blood studies performed on Gemini and Apollo 
astronauts have show n that significant changes in red 
cell mass, in other hlood constituents, ami in food 
and electrolyte balance occur as a result of exposure 
to the space environment. I he (fata suggest that zero 
gravity and high oxygen content oi the spacecraft 
atmosphere, or perhaps a combination of the two, 
mav be responsible tor the changes observed. A 
number of other factors* might also be involved. 

Skylah experiment Ml 15 provides lor more 
(‘\ tensive analyses of blood before, during, and alter 
space flight to yield a better understanding of the 
extent, time course, and etiology of the hematologi- 
cal changes noted so far in connection with space 
flight exposure. The SMKA I version ol 
experiment Ml 15 permitted evaluation ol blood 
changes of the type that might be occasioned by the 
Skvlab atmosphere w ithout the complicating variable 
of weightlessness. 

Equipment and Procedures 

Five prechambcr, eight in-chamber, and lour post- 
chamber blood samples were obtained from the 
S \ 1 F A T crewmembers. 

Both routine and special hematologic procedures 
wi re utilized in this experiment. The measurements 
performed and the routine and special hematology 
procedures used are detailed in the JSC archival 
document, Skylah Laboratory Procedures. Table Mi 
summarizes these. 

Results and Discussion 

Routine Hematology 

Commander. The FDR's red cell count, hemo- 
globin concentration, and hematocrit did not change 
significantly between the pretest and post lest 


sampling periods. Then* was a modest drop in 
hematoeril with no change in red eell count. I his was 
reflected in a lower mean corpuscular volume (M( !\ ) 
pre- and posttesl and could not he attributed to 
chamber exposure. Mean corpuscular hemoglobin 
(MCII) and mean corpuscular hemoglobin concentra- 
tion (MF1IF) were unchanged. While hlood cells 
counts showed normal llucluutions. 

.Science Pilot. The SPT's red cdl count was not 
significantly (hanged posltrsl. Hemoglobin 
concentration and hematocrit were within normal 
limits for astronaut populations pretest hut decreased 
below these normally lower-than-average values 
posttest. Red cell indices were normal both pre- and 
posllest with the exception ol mean corpuscular 
volume values on day IU5. This latter situation may, 
however, reflect laboratory variations. The SPI s 
total white cell count was Itelow average normal 
values on all sample days pretest and posttest but jell 
within the low normal classification based on 
astronaut normal values. 

Pilot. The PLTs red eell count, hemoglobin 
concentration and hematocrit were all within normal 
range and showed no significant trends during the 
sampling periods. The total leukocyte count was low 
normal hut within normal astronaut ranges. There 
was a definite lymphopenia, especially during the 
posttest period (1 ,045 cells/cu mm). Leukopenia is 
rarely due to a reduction in lymphocytes. One cause 
of lymphopenia is the administration of 
adrenocorticotrophic hormone or adrenal cortical 
hormone. Plasma (AFTII) was elevated pretest ami 
plasma-free hydrocortisone was slightly elevated 
during the study (see M07J; Bioassay ol Body Fluids 
Report). 

All other routine hematological measurements 
were normal lor all crewmen. 
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Parameter 

Routine Procedure 

RBC/WBC count 

Coulter method 

Hematocrit 

Micr ocapillary method 

Hemoglobin cone 

Spectrophotometry using 
Co Oximeter Model 182 

Car boxy hemoglobin cone 

Simultaneously with above 

Met hemoglobin cone. 

Spectrophotometry using 

and percentage 

KCN to distinguish 
metheoglobm band 

RBC indices (mean corpus 

Calculated from RBC count, 

cular volume, mean corpus 

hematocrit, hemoglobin 

cular hemoglobin, mean 

cone 

corpuscular hemoglobtn 
cone.) 


Platelet count 

Microscopically with 
hemacytometer 

Reticulocyte count 

Counting reticulated 
cells/1 ,000 RBC's {expressed 
as percentage) 

Differential cell count 

Av of 3 counts of 1 00 cells 
Special Procedure 

RBC critical volume, volume 

Coulter particle-volume 

distribution of whole blood 

measurement, and Herz- 

and age-density separated 

Kaplan age density 

cells 

procedure 

RBC and WBC ultra- 

T ransmission electron 

structural change 

microscopy 

RBC shape 

Scanning electron 
microscopy 

Total amount of K, P, S, Si 

Electron probe X-ray 

in young and old RBC’s 

microanalysis 

RBC K 

F lame photometry 

Hemoglobin content 

Scanning microscope 

{quantitatively in RBC 

photometry 

from whole blood 
and from age-density 
separated blood 


Hemoglobin levels 

Hemoglobin 

electrophoresis 


The absolute ly tnphojM ina obst'rvrtl in tin* Pl/f 
cannot hr explained. Similar low counb havr born 
observed through the year> in previous physical 
examinations. No clinical symptoms related to 
lymphopenia were observed. Sinrr the condition was 


present bolii pretest and posttest, it does not 
represent a response to the SMKAT environment. 

interpretation ol these data is complicated by tin* 
differences between published normal ratios and 
those compiled lor the astronaut population. The 
reason lor tin* differences is unclear but could 
represent dil'lemiees in laboratory techniques, dil* 
I'creiices between astronauts and the total male 
population, or both. 

Special Hematology 

Red Rtood (ett Critival Votume and I (dame 
Distribution. Ceiniiti mission data suggested that an 
increased inlrav aseular hemolysis resulted in a net loss 
ol red cell mass. Subsequent data collected in support 
ol tin- Apollo program and ground-based chamber 
studies st rough suggest the cause of this red cell loss 
to be the result of failure of the red cell membrane to 
maintain a proper ionic* balance in the cell to prevent 
hcmoUsis in the face of increased oxygen in the 
breathing gases. 

Since the re d eel! regulates its volume within well- 
defined limits under normal conditions, a shift in the 
normal volume distribution profile could be indica- 
tive of either (|)a failure of the volume regulation 
mechanisms (which could involve a change in passive 
membrane permeability, in the generation ol energy 
by metabolic processes, or in the effective utilization 
of eiiergv l»\ the \a-K pump enzyme system), or 
(2) a stressful situation for which the cell could not 
compensate. If red cells art subjected to osmotic 
stress in vitro bv decreasing the osmolality of the 
suspension medium, the volume achieved before 
hemolvsis occ urs is a measure of the* c ompliance ol 
tile ce ll membrane. 

In addition to examining whole blood, the top 
ten percent ( young cells) and bottom ten percent (old 
cells) of a parked cell column were also analy zed lor 
their volume distribution and. in selected rases, their 
critical void me. 

(Tanges in red cell volume lor whole blood and 
age -density separated blood are illustrated in 
Figure 6-V) and (>-10. respectively . Tile subject was the 
SMKAT CDIL Figure 6-1 I shows changes in volume 
distribution from age-density separated cells, again 
lor the ( I )|{ . 
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Figure 6-9. Changes in red cell volume with decreasing e»inolality. 


In general, the older red cell population liehaved 
similarly to the whole blood while the younger cells 
had a higher critical volume. The young cells were 
able to withstand a greater influx of water and 
therefore more swelling than the older cells. 

Change’s in membrane compliance arc* characteristic 
of aging in the* red c ell. Ionic content and metabolic 
capacity also change in red cells with ago. 

Attempts at an absolute calibration of the multi- 
channel analyzer (i.r.. volume per channel) have- not 
yielded useful results. Measurements show the* cells 
having a volume soome dO percent larger than 


expected. Tlu* difficulty may !i» in the' blood cell 
orientation as it traverses the aperture of the counter. 

It is generally recognized that the cell measured by 
the (Coulter method is intimately related to its 
residence lime* in the* aperture and its orientation as it 
flows through the* ape rture*. The degree* to which the 
flexibility of the cell alte rs the volume distribution 
profile: is illustrated in Figure* 0-1 I . The type ol 
curves e’xhibile’d by young, old, and the total re el cell 
population were consistent enough to identify each 
subpopulation. As tin* red cell loses membrane 
compliance and becomes more rigid with age, tin* 
artif actual spre ading ed the* distribution curve caused 
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by the cell s orientation in the flow channel is 
reduced. Fixing the cells with gluteraldehyde 
produces a similar effect. 

An electrical modification of the Coulter 
Countcr-MCA system has been designed which will 
discriminate electrical signals from cells with exces- 
sive residence time in the aperture. This, with the 
computer curve-solving analyses, will provide a more 
precise estimate of red cell volume distribution and 
critical volumes. Applications of these analyses to the 
age-separated cells will also increase the resolution of 
the best solution to changes in specific subpopula- 
tions of the red cell sample. 


Transmission and Sea nning Electron- 
microscopy lltrastructural and Morphological 
Changes. The ultrastructure of blood cells in the 
SMEAT samples, as seen by the transmission electron 
microscope, was normal. 

Transmission electron microscopy, while providing 
information on ultrastructure, does not delineate the 
three-dimensional structure of the cell. These details 
can he visualized by use of the scanning electron 
microscope w ith a ten-told greater resolution than the 
light microscope permits arid with a large depth of 
field. 
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Because of the physiological importance of the red 
cell shape and the variety of pathological conditions 
in which red cells van undergo shape changes, a 
characterization system for red hlood cells using the 
M anning electron microscope was established during 
this study to evaluate changes in red blood cell 
morphology . 

I'our categories of red cell rnoqihology were 
dclined. These were characterized as having 
(I) normal concavity ; (2) loss of concavity, flatness, 
or nueleation; (3) abnormal concavity ; and (4) erena- 
lion. Each ol these morphologically distinct cells is 
indicated in Figure 6- 1 2. Baseline data were obtained 
from both normal controls and crewmembers 
prellight, and the percentages of red cells in each 
category were eompared with in-ehamher and 
poslllight samples. No significant abnormalities were 
found as a result of the chamber study. 

Electron Probe X-Ray Mu roanaly sis - Electro- 
lyte Determinations. Data from previous Apollo 
flights have suggested a net loss of total body 
potassium during the mission and a retention of 
urinary potassium postflight. While the major portion 
ol total body potassium is intracellular (primarily in 
muscle tisssue), the mechanisms responsible for ionic 
equilibrium in muscle tissue also function in the red 
corpuscle. Thus, the red blood cell, which is more 
easily accessible for chemical examination, may serve 
as a model system to evaluate particular aspects of 
the other tissues of the body at the cellular level. 

because of these previous findings, potassium w as 
the electrolyte of primary interest in this segment of 
the Ml 15 studies. There are. however, additional 
reasons for measuring red cell potassium concentra- 
tions. Changes in intracellular potassium reflect 
alterations in red cell metabolic processes, which can 
ultimately result in cell lysis. Potassium is also an 
age-related parameter in red cells, decreasing in 
concentration as the cell grows older (Joyce, 1958). 
A change in the relative proportion of age groups in 
tin* red cell population would be characterized by a 
change in the potassium concentration profile. 

Electron probe X-ray mieroanalysis was performed 
to determine changes in red cell electrolyte con- 


centrations. Three additional new developments were 
applied to this >tudy to increase the sensitivity of the 
analysis to transient changes in red hlood cell 
composition. These w'ere: ( I) Age-density separation 
ol the red blood cell samples to disclose a more 
responsive and homogeneous cell population; 
(2) Measurement of cellular dry mass by substrate 
X-ray absorption, which provides a direct correlation 
lie tween cellular mass and electrolyte composition; 
and (3) Flame photometry on red blood cell samples 
to coniirm the microprobe analyses. 

Because of the complexity of and time required for 
both the collection and analysis of the electron probe 
X-ray data, one SMEAT crewman (PLT) was selected 
for detailed examination of young and old cell 
populations by the electron probe X-ray micro- 
analysis technique. Selected samples were analyzed 
from the other two crewmen. Computerization of the 
X-ray analysis will significantly shorten the lime 
required for these analyses making it possible to 
examine all the samples from Sky lab. 

The net Ka X-ray intensities for K, i\ S, and Si 
from the PLT s young and old red cell fractions are 
shown in Figure 6-13; data with standard deviations 
are given in Table 6-7. Examination of the PLT s red 
cell potassium, die electrolyte of primary interest, 
shows a transient elevation in the younger cell 
fraction shortly after entrance into the SMFAT 
chamber and again upon egress. There is a slight rise 
in the older cell potassium X-ray intensity at the same 
time. Evaluation ol die population profiles lor 
potassium shows this transient change to be due to 
the appearance of a small subpopulation of cells at 
day 21 1. This may represent newly formed red cells 
which would he expected to have a higher intra- 
cellular potassium content. The possibility of this 
distribution being due to sampling error i> negated by 
the flame photometry' data. 

Net potassium X-ray intensity measurement are 
indicative of the total amount of potassium per red 
cell and, because of potential differences in cell size, 
may not correlate directly with measurements of 
concentrations. Thus, a larger cell may have the same 
potassium concentration as one much smaller, but 
would have a higher net X-ray intensity . To correct 
for possible differences in red cell size (dry mass), the 



mkmat<h,<><;y/im\iiinowm;y (\ii hi skkiks) 


027 



Class I Normal Concavity 



Class III Abnormal Concavity 



Figure 6-12. Representative micrograph* of red cell SKM classification. 
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S 

P 

S» Reduction (ASi) 

PERIODS: 













Day 188, Young Fraction 

2386 


831 

1359 

± 

271 

61 1 

i 

170 

3733 

4 

778 

Day 188 f Old Fraction 

2376 


366 

1479 

+ 

247 

498 

♦ 

109 

3992 

i 

834 

Day 195, Young Fraction 

2294 

♦ 

381 

1345 

♦ 

152 

487 

+ 

151 

3255 

i 

594 

Day 195, Old Fraction 

2058 


359 

1382 

♦ 

158 

273 

i 

117 

3565 

i 

685 

Day 21 1, Young Fraction 

3085 

« 

1526 

1378 

± 

219 

528 


106 

3683 

l 

617 

Day 211 , Old Fraction 

2580 

* 

578 

1519 

♦ 

158 

474 


98 

4291 

♦ 

882 

Day 262, Young Fraction 

2440 

* 

1048 

1280 

♦ 

185 

497 

♦ 

93 

3209 

t 

657 

Day 262, Old Fraction 

2670 

i 

369 

1455 

t 

215 

349 


94 

4019 

i 

803 

Day 264, Young Fraction 

3397 

♦ 

1078 

1298 

t 

244 

634 

t 

189 

3647 

♦ 

963 

Day 264, Old Fraction 

2789 

♦ 

626 

1351 

+ 

256 

561 

i 

134 

4058 

* 

1133 

Day 265, Young Fraction 

2801 

* 

1543 

1314 


172 

561 

1 

215 

3511 

± 

753 

Day 265, Old Fraction 

2216 

± 

417 

1345 

♦ 

278 

252 

t 

68 

3857 

* 

790 


net \-ray intensities may In- normalized l>\ one of 
two methods. Since the \*ra> counts nime primarily 
from the hemoglobin moiety and have been shown to 
correlate with microspeetropliotometry measure- 
ments of single cell hemoglobin eoncenlration 
(Kimzey et al,, I 073), these data may be used to 
correct for di Here lives in cell dry mass. 

The S X-ray intensity remains relatively constant 
throughout tin- SVlIvAT stu<ly 1 indicating that the cell 
samples anakzcd arc not significantly different with 
respect to protein content (Figure 6-13). ('ell size 
remains constant within tin* respective age-separated 
fractions; therefore, the alteration* in potassium 
X-ray count* in respective age fraction* from dif- 
ferent periods are prohabk due to change* in con- 
centration. However, cells from the younger fractions 
are consistently less dense and/or smaller than cells 
from the older fractions. 

The age-dependent nature oi potassium concentra- 
tion in red blood cells was demonstrated by tin* flame 
photometric analysis ol the potassium content in the 
three age fractions, separated by density centrifuga- 
tion. The difference in the younger versus the older 
cells is highly significant ({><.000) in all the subjects. 


Another method for correction of cellular mass 
differences ami lor standardization of experimental 
technique uses the reduction in the X-ray intensity 
from the silicon substrate due to absorption by the 
cell a* an indicator of the cellular dry mas*. This 
method is independent of variations in eellular 
elemental composition and relies on the cell size and 
density. There wa* a consistent difference in cell mass 
(ASi) between the young and old fractions al all 
sampling period*. The variations which are present 
between sampling periods occur simultaneously in 
both fraction* and could be representative of shills in 
the behavior of the total cell sample during the 
age -density separation procedure. 

Correlation analyse* between all elements con- 
sidered (K, S, 1\ Si) within these cell populations 
indicated higlilv ( > ( H> percent) inverse correlation 
exists between S and Si in all populations. This 
shows, as predicted, a strong agreement between 
cellular protein content and absorption ol the Si 
\-ra\s Irom the Si substrate by cell mass. 

The use id the electron intcroprobe in this area of 
anak si* allords the first direct evaluation on a single 
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Figure 6-13. Net X-ray intensities from age density-separated red blood tells. 


cell basis of the relationship between intracellular 
electrolyte concentration and variation in cellular 
mass. The probability for correlation between K and 
A Si in the y oung cell sample is greater than in the 
older fraction; P is also significantly correlated with 
A Si (>92 percent probability) in more of the younger 
cell fractions than in the older cell samples. These 
data suggest that the younger cell fractions are a more 
homogenous population of cells than the older 
fractions. 

Additional support for this conclusion is provided 
hy tlie llame photometry data. When the two 
independent measurements of cell K are compared 
(Figure 6-14), the similarity in the curves is obvious, 


( specially in the curves obtained from the young 
cells. The older cells are more varied in general The 
data from the microprobe would be expected on the 
basis of this comparison to show the same type ol 
curve if all time periods had been analyzed. The 
transient changes in K content in this crewmember 
upon entry’ and egress from the chamber are 
strikingly demonstrated in the correlation between 
these two independent observations. The advantages 
of utilizing the age-density separation technique to 
disclose changes in a more homogenous population of 
cells are readily apparent. 

Figure 6-15 shows net X-ray intensities for K, S, 
and P corrected for differences in cell mass. In 
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figure 6-1 I. (!(im(Mrisonol 1‘lainr photometry and electron probe jniemanaly -is 
for K Iron) age licusily -separated red blood cells. 


addition to tin changes seen m in traeellu jar K 
content al days 2 1 I and 2<V \ s intracellular I* shows a 
marked rise in the young cell traction during the 
in-chamber period of the study This increase is not 
evident in the old eell Iraetion ulneh remains 
constant throughout the time period. 

P was initially selected (or analysis as an indicator 
of age separation in red blood eells. 'l otiuger cells 
contain residual rihoimeleie aeid, which has a hi*di 
P content. At all sampling periods, tin P content of 
the young eell Iraetion was greater than t hat of the 
old eell fraction. Ihe P content of red Idood cells 
may vary due to a number of things, including 
changes in niclalmfic activity arid phospholipid 
content as well as age. The increase in P content 
during the in-ehamber period does not appear to he 
due to the appearance of increased numbers of 


reticulocyte.- which remain at prcflighl levels. \o 
satisfactory explanation lor this in-chamber increase 
in P from the young eell Iraetion can he idle red at 
tills time. 

In summary, electron probe mieroanah sis of red 
lilood cell h shows a transient elevation of K in the 
young cell fraction shortly after the crewmembers 
entrance into the >\1K AT chamber and again upon 
egress. This change appears to lie due to the 
appearance of a small subpopulation of red blood 
cells containing high k. These cells may represent 
newly formed red cells. 

Scanning Mteroseope Photometry Analysis of 
Red filood Cetls. Red blood cells from whole blood 
were analyzed by microspectrophotomrtrv for 
hemoglobin eon lent Computer analysis of the dala 
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Figure 615. Mass-corrected X-ray intensities from a^e density -a* para ted red blood cells. 


revealed no >i«rn iImum l alterations when the 
parameters of cell size and hemoglobin content were 
compared . 

I*urlhrr evaluations ot red blood eel l> Irotn the in- 
and postchurn tier specimens are currently in progress 
using M-dimensional space analyses whereby n-vari- 
ables Irotn the microspectrophotomrlric data are 
used lor hvperspace c comparison purposes. In addi- 
tion. a cluster analysis procedure, currently near 
completion. ma\ provide a means ol distinguishing 
certain irnlividual cells or suhpoptdalioiis when the in- 
and postchumher specimens are compared. 


Hemoglobin Electrophoresis . Hemoglobin levels 
ol the SMI' AT crewmen, as determined b> hemo- 
globin electrophoresis, remained relatively constant 
throughout the exercise and no abnormal hemoglobin 
variants were observed at any lime. 

Summary and Conclusions 
Routine Hematology 

Ml routine hematological measurements were 
within normal astronaut population limits for the 
C|)R. SPT, and IM/I . with one exception: A signif- 
icant lymphopenia w as observed in the PI, I during 
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the posttest period, possibly the reflection of in- 
creased adrenal cortieoid secretion. 

Special Hematology 

No ultras trial ura I red cell membrane abnormalities 
were observed in any of tin* subjects, nor were any 
red corpuscle morphological abnormalities noted. 
Slight elevations in the ITT s red corpuscular potas- 
sium were observed in the younger corpuscles after 
chamber entrance and again upon egiess. This prob- 
ably represents newly released young red cells from 
hematopoietic tissue. Flame photometric analyses 
confirm the fact that potassium is indeed higher in 
tin* younger cells of all subjects examined. 


All other special hematological studies, including 
scanning microspectrophotometry' for hemoglobin 
content and hemoglobin electrophoresis for detection 
of hemoglobin variants, were well within normal 
limits. 
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Concern for the long term metabolic con* 
sequences of weightless flight vvas the basis lor the 
conception of the Sky lab medical experiment to 
measure mineral balance. Proper interpretation of 
data obtained from the inflight stud) required a high 
fidelity ground-based control study . I he SMF.A I test 
provided the opportunity for this study. 

It has long been suspected that the musculo- 
skeletal system would be particularly susceptible to 
the prolonged withdrawal ol gravitational stress. 
Astronauts have been subjected not only to a 
nullified gravitational field, but the) have also been 
confined in vehicles where mobility was restricted 
and relative physical inactivity prevailed. These condi- 
tions, singly or in combination, were expected to 
cause deterioration of bones and muscles. 

Long before space flight" were planned, the 
control studies by Dietrick, Whedon, and Shorr of 
immobilization of four healthy young men lor up to 
seven weeks clearly demonstrated that immobiliza- 
tion in body casts led to marked increases in urinary 
calcium. These levels more than doubled in five 
weeks, and were accompanied by negative calcium 
balances, as well as related changes in nitrogen and 
phosphorus metabolism. Correlative decreases in tin 1 
mass and strength of muscles of the lower extremities 
occurred and deterioration in circulatory reflexes to 


gravity resulted within one week. Thi> died lia> been 
noted consistently in spare Might. 

Other studies with immobilized subject" indicated 
that the clinical disorders most likely to be en- 
countered during prolonged space Might are primar- 
ily a consequence of an imbalance between bone 
formation and resorption. Under these condition.*, 
there occurs loss ol skeletal mass which could lead 
eventually to hypercalcemia, hyperealcuria. osteo- 
porosis, and possibly nephrolithiasis (Lsekulz el ul., 

1966). 

Since the most meticulous studies have disclosed 
that the surfeit of calcium lost during bed rest is 
mainly via the urine, it is pertinent to refer also to 
studies of urine calcium in which balances were not 
measured. The total evidence indicates that a one to 
two percent per month loss of body calcium is a 
reasonable prediction for weightless persons (Ilattner 
& McMillian, 19611). 

With the advent of space flight, additional studies 
have been reported concerning the c Meets ol simu- 
lated weightlessness on skeletal metabolism. Grave- 
lineetal. (1961) reported no increase in urinar\ 
calcium excretion in their study on one subject of the 
effect of one week of almost continuous water 
immersion. It should, however, Im- realized that one 
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week i> a short prried in which lo observe* significant 
change’s in calcium metabolism. \ogle*tal. (1663) 
have >Iiouii negative* balance's ed small magnitude* and. 
in addition, liavr demonstrated change's in bone 
deuisity ill 1 1 m' os calris during lx d n>l. 

I \ lu ll rt al. ( I *>07) haw investigated the role ol 
simulated <i 1 1 1 1 w < I « in modi I y ing tin* cl h*et ol bed rest. 
In 22 healthy linn. I»r«l rest ot lour \nrk> allround 
level condition- resulted in expt*r|eil increases in 
urinary and leeal ealeium, and in urinary mtmgen. 
|»lio^»li. »m>. sediiim. and chloride*. In similar meta- 
bolic -Indies carried out with unollirr 22 subjects al 
hrd re.-l at simulated altitude- ol lO.(MM) and 
1 2,000 Irrt, urinary losses ol ealeium w ere signil* 
icanlly less a> altitude* increased. liman h>s-es ol 
phosphorus, nitrogen. -odium, and chloride* were* less 
at 12,000 I'rrl as compand to l»rd rest studies at 
grounel le*vel. These .-luelie*- suggested that eliininished 
alinosphi-ric prr^mv iiijn haw a preventive ellcet on 
mineral lo^s from tin* skeleton. Such data a- arc 
a\ailahlr Irotn inllight studies teiiel lo >it|i|iorl the* IH‘ 
ol immotnli/.alion a> a tern-trial model lot altera- 
tion- in ealeinm metaholi-m during space* flight. 
During the lonrteen-da\ (iemiiii 7 flight. in the only 
metaholie halanre study in space dm.- lar carried out. 
a modest hut signilicant loss id calcium oeeurred in 
one of (In two astronauts. and the changes in 
phosphorus and nitrogen metabolism supported the 
ob-crvalion of ,-omc deterioration in ntlix'le 
metabolism (lulwak el al.. 1666. and Keid et al.. 
! 6 <> 6 ). 

That -m il lo--('- are likelv to eonlmue unahated 
eluring prolonged spare flight is evident Irotn studio 
ol hed rest lasting Irom 20 to 26 week-. In halanre 
studies, ealeinm losses from the skeleton averaged 
0.2 percent ol the total body calcium per month. In 
the same normal subjects, tentold greater rates ot 
localized |{>ss from the central portion ot the cal- 
eaneotis were observed by \-rav transmission sann- 
ing (Vogel elal., 1070, and I )onaldson et al., 1070) 

In addition to weightlessness, one ol the primary 
environmental parameters in Sk\ lab which was 
thought to be a possible influence upon the metab- 
olism of hones and muscles was the e|e\ated partial 
pressure of carbon dioxide. The literature eontams 


Irw studie- in which elevated carbon dioxide partial 
pressures haw hern used in conjunction with dietary 
control studies lor accurate* estimation of calcium 
excretion and halanre. One report (Schaefer e! al.. 
1662) on twentv human subjects exposed to 
1 .3 percent earhou dioxide lor 42 days showe d no 
change in plasma, ealeium, or phosphorus, hut a slight 
rise* in KB(. ealeium and fall in KIM! phosphorus, hi 
another study, Ora\ et al. (1666) studied twelve 
subjects at one percent earhon dioxide' for 22 days. 
The authors found that serum ealeium lei! anei 
uriuarx calcium de e lined initially . then rose*. \n 
uiipublislied study by Welch on a 20-day e*\p<jsure* ol 
lour siihje e Is at three pereeut earhon dioxiele* appears 
to he* the only sttnly with dietary control. Ill this 
stmly , the 1 me an ol urinary ealeium increased fifteen 
pereenl during tile 1 period of earhon dioxide- ex- 
posure*, ami m recovery returned virtually lo the 
controlled level. 

In view ol this lark of knem ledge*, a ground-based 
study was considered necessary to iiive*sligate* the 
el teets of an atmosphere containing about 3.3 mm llg 
carbon dioxide or whatever p<!t)*> would prevail on 
Sky loli on tin* biomeelie a! measurement- that are 
scheduled to he made 1 on Skylah. These studies were 
to he' earrieel out under eemditions (atmosplieTie* 
pressure*, luimielitv . and composition as well a- die t), 
which duplicated in-olar as possible* the conditions 
e xpected in Skylah. and would use* subjects matched 
in age auel pliv -teal characteristics with the Skv lab 
crew memher- 

Procedures and Methods 

To obtain definitive* information on mineral le>s.-e\- 
m SMI AT. tin M07I experiment was conducted. 1 Tie* 
experiment < em.-i-hd of a compie'te* input and output 
measiire nie nt on all cre*w members eommem ing 
2H day - preflighl, continuing throughout the 36-day 
in-cliaml>e r pha-e*. and lor an IlTdav period post 
e liamlxT. Ml nutrient and water intake wa- precise |y 
me asured \ll le e al mate rial and urine sample*- we re* 
passe’d out of the* chamber for analysis, ami -ample- 
ol lilooel were* taken pre'cliamher. in-ehamhe-r. and 
postelumilxT. 

Subjects 

Three* male tiaueasiau subje’ets de'signateel ('l)l\, 
SIT. and I’ll [iartie ipated in this study. Their age- 
we*re* 23, 22. ami .23 years, respe*e tiye*l\ . 
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Activity 

Kuril rrownirmlxT engaged in varying amounts of 
physical activity including daily physical exercise. No 
attempt was made to control this expenditure. I he 
activity level ol the SPT was particularly vigorous, 
hut reportedly typical of his exercise pattern (SI K I 
personal communication). 

SMEAT Environment 

The atmosphere ol SMEAT consisted ol a mix- 
ture of about 70 percent oxygen, about 28 percent 
nitrogen, and 2 percent carbon dioxide lor a total 
pressure of 258 mm llg. Temperature and humidity 
were maintained well within t hr comfort range. 

Diets 

For optimal interpretation of metabolic data lor 
the effects of factors under study, diets lor all three 
phase* were made a* *imilar and constant Irorn 
day-to-day in content and composition as possible. 
Since each individual served as his own control lor 
comparison in pre-, in-, and postchamber phases, 
interindividuai differences were permitted. 

The food used in SMEAT consisted ol a variety ol 
frozen, t he rmostab il ized , dehydrated, and 
compressed food. A facility existed in the chamber to 
heat some foods prior to consumption and to 
maintain others in a refrigerated state. 

Energy requirements for the SMEAT crew were 
estimated on the basis of age and body weight 
according to the method recommended by the Food 
and Nutrition Hoard of the National Academy oi 
Sciences, in utilizing this procedure, it was assumed 
that each crewmember would engage in moderate 
physical activity at an environmental temperature of 


about 20° C. Menus meeting these energy require- 
ments and providing constant and specified intake* ol 
calcium, phosphorus, magnesium, sodium, and nitro- 
gen were formulated. These menus were led lo each 
crewmember lor a live-day test period and a six -da\ 
test period during which changes in body weight were 
closely observed. The menus were adjusted alter each 
trst in order lo compensate lor weight changes. The 
energy equivalent ol these changes was assumed to he 
211,400 kjoule per kg of weight loss in order to 
compensate for water loss. This energy equivalent is 
recognized to he only an approximation in the 
absence of supporting studies on the nature nl body 
composition changes. 

The energy intakes ol each ol the three SME A I 
astronauts, during the fir>l food compatibility te*t 
which lasted five days, are listed in 'Fable 7-1 . and the 
weight changes are shown in Table 7-2. 

A six-dav menu eompatibility test was subse- 
quently conducted. Again, the general aeeeplability 
of each food item and portion sizes was judged by 
each crewmember. In addition, comments wen- 
solicited relative to the degree of appeal lor each 
menu combination. The menus utilized in this ease 
were the ones intended lor SMEAT. Weight changes 
are indicated in Fable 7-3. The SH I \s energy intake in 
the second test was approximately 2,520 kjoule* 
higher than during the lirst test. The greater weight 
loss sustained in the second lest indicated that the 
accuracy of the estimate of the SET's energy require- 
ment could not lie further refined in this brief testing 
period. 

The menus were designed according to six-day 
cycles each day of which contained the required 
intake levels of nitrogen, caleium. phosphorus, 


Table 7-1 

Energy Intake of Five-Day Food Compatibility Test (Kilojoules) 


Crewman 

Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

Mean 

CDR 

10311 

11075 

12201 

14162 

12327 

12012 

SPT 

10303 

13137 

12444 

11138 

11642 

1 1 718 

PLT 

12554 

12495 

13582 

14784 

12096 

13104 
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magnesium, potassium, and sodium. These con- 
menus were provided to the crew with the admoni- 
tion to consume them completely, or, if unable to do 
so, to report the weighed mass of the leftovers. The 
crew was permitted ad libitum quantities of certain 
other food items which were designed to contribute 
up to 1,260 kjoules while not augmenting the intake 
of any controllable element beyond tolerances. These 
items (apple drink, hard lemon candy, plain white 
mints, and MH butter cookies) were almost em-rcly 
carbohydrate and fat. Fnergy intakes were, therefore, 


free to vary as a function of appetite and the energy 
demands of varying daily rates of energy expenditure. 
In practice, tin* variance was limited b) the aeecpl- 
abili ty of these elective energy items. 

A system of negative reporting was employed 
such that the crew related at the end of each day any 
deviations from the nominal menu. 

The prescribed intakes of the various components 
of the diet, as determined by actual analysis of each 
food item, are shown in Table 74. 


Table 7-2 

Weight (Tanges on Five-Day Food Compatibility Test 
(Kilograms) 


Crewman 

Initial 

Final 

Weight Change 

CDR 

78.8 

77.4 

-1.4 

SPT 

93.7 

92.4 

-1.3 

PLT 

86.5 

86.7 

+0.2 


Table 7-3 

Weight Changes on Six-Dav Food Compatibility Test 

(Kilograms) 


Crewman 

initial 

Final 

Change 

CDR 

77.9 

77.9 

0 

SPT 

95.1 

93.3 

-1.8 

PLT 

89.2 

89.2 

0 


Table 7—4 

Intakes of Diet Components 


Nutrient 

CDR 

SPT 

PLT 

Energy (Kjoules) 

12190 

13840 

13000 

Protein <g) 

103 ±10 

105 ±10 

106 ±10 

Calcium (mg) 

850 ±16 

850 ±16 

850 ±16 

Phosphorus (mg) 

1 700 ± 1 20 

1700 ±120 

1 700 ± 1 20 

Sodium (mg) 

4000 ±500 

4000 ±500 

4000 ±500 

Magnesium (mg) 

350 ±25 

345 ±25 

326 ± 25 

Potassium (mg) 

3800 ±200 

4000 ± 200 

4000 ±200 
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Complete ingestion of the prepared mrtiu> was 
well achieved. A sample menu i> shown in Table 7-o. 


Table 7 5 
Sample Menu 


Meal 

Food Item 

Breakfast 

t 

Chocolate instant breakfast 

Applesauce 

Orange dri nk 

Coffee 

Lunch 

Pea sOup 
Chicken and rice 
Biscuit 
Grape drink 

Dinner 

Filet mignon 
Mashed potatoes 
Asparagus 
Lemon pudding 
Vanilla wafers 
Grape drink 

Tea with sugar and lemon 

Snacks 

Mints 

Peanuts 

Coffee 

Tea with lemon and sugar 


In order to maintain controlled intakes ol 
calcium, phosphorus, magnesium, sodium, and 
potassium in conjunction with possible deviations 
from the nominal menu, the crewmembers were also 
supplied with a series of mineral supplements by 
which the intake of each of these elements could be 
adjusted independently of the others. The mineral 
supplements are listed in Table 7-6. 

Table 7 6 


Composition of Mineral Supplements 


Supplement 

Controllable Element 

Calcium lactate 

32 mg Calcium 

Orthophosphate 

1 10 mg Phosphorus 

Magnesium lactate 

25 mg Magnesium 

Sodium chloride 

197 mg Sodium 

Potassium gluconate 

195 mg Potassium 


A computer program was designed lo ealeufatr 
mineral deficits from information transmitted b\ the 
crew , The quantity ol mineral supplements equivalent 
to the deficit was eah ulated and transmitted hack to 
the crew for consumption the following morning. 

The menus utilized pre- and post-SML A I were 
almost identical lo the in-ehamber menus but in- 
cluded some substituted Iresli foods. 

Fluid Intake 

Fluid intake was ad libitum. The quantities in- 
gested during all phases of tin* experiment were 
recorded. The majority of fluid intake was obtained 
with the diet. In-chamber fluid intakes were measured 
from the water dispensing devices typical ol those 
used onboard spacecraft. The fluid intake measured 
in the absence of data on insensible losses was not 
considered to be sufficiently precise lo calculate lluid 
balance data. 

Water employed was ol the type to lie used on 
Skylah; it was virtually free of controllable elements 
and contained a biocide consisting of ft ppm iodine. 

Urine Collections 

During the prechamber and postchamber phases, 
collection facilities were established in the astronauts 
office building, their homes, ami in the Crew Recep- 
tion Area of the Lunar Receiving Laboratory Indi- 
vidual refrigerators were strategically located with 
labeled containers. In-chamber collection was ac- 
complished by utilizing specially designed urine col- 
lection systems, one of which, lor the SIM , resembled 
that which was then planned for use inflight. 

in spile of best efforts to design a satisfactory 
system for collection of in-chamber urine, significant 
and frequent leakages occurred from the Sky lab 
Urine Collection System. 

The leakages were not only detrimental lo the 
metabolic study but a source of chronic incon- 
venience to the crewmember employing the device. 
Approximately eight percent ol the dI2 individual 
specimens and 24-hour pooled urinalyses were dis- 
carded because' of collection difficulties. The 24-hour 
urine pool was usually maintained at a temperature 
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below |0°4 and (lit 1 temperature ol this pool did not 
exceed |()°4 lor more than an accumulated period of 
three hours during am 2 1 hour period . \Hrr 
21 hours, all uriru* samples wrrr Iro/.en al 20°(.. 

Stool Collections 

(Carmine Red ami S|)S Blue urn* given orally to 
tlii- subjects lor a separation ol stool periods 
( I ,ul wak el al., 1060). I nlortiiiiateK , at the dosage 
iiitli/cd. no changes in stool colors were apparent. 
Pol\ elliN lene *;l\ro|. I .TOO iiig/iinm/dav . was utilized 
as a nonabsorbable I real rccovcrv ■-laiidard. t.omplele 
fecal collection was achieved. 

Sweat Collections 

No attempt was made to collect or measure .sweat 
or materials excreted through the skin, since it had 
hern shown (Dilchiian X l.ulwak. I06T) that losses 
of ealrium \ iu this route muter noiisw eating condi- 
tions are levs than 20 mg per day , During the actual 
study, however, exercise wu> more vigorous than 
anticipated and, therefore, material loss greater than 
this amount may well have oeeurreil. 

Blood Sampling 

Blood samples were taken live times prior to 
chamber entry, days I HI. 182. IH8. I0o, and 207: 
eight times in the eliam her. day s 200. 2 1 1 , 220. 22 1 . 
2TT, 211, 2oo, and 262; and four limes lollowing 
egress Irom the chamber. days 20 1. 2(e). 2(d), and 
270. One-half a milliliter of plasma utilizing 
i.itliiuiud d) T A as tlie anticoagulant was employed 
lor this stud\ . Chamber ingress wu^ day 207 and 
egress was da\ 268. On days 220. 2 To. and 2o,». an 
additional loud ol blood was drawn lor micro- 
biological sampling. 

Results 

The cim s average energy intakes preehambrr, 
in-chamber, and postchamber were 1 2, 1 4b, 12,188. 
and I 2,1 7j kjoules, respectively V arialioiis ill energy 
intake were due to the slightly dillerent energy 
content of each day ol the six-day menu cycle. Other 
variation is due to the consumption ol additional 
'elective energy items or to the omission ol a 
planned food item. 


The ClMi s weight trended slightly downward 
during the chamUr occupancy, but apparently not 
during the pre and postchumber phases. Daily weight 
variation, however is considerable, am! it is not 
possible to deduce signilicunt dillerenees between the 
rate ol loss in the ehamher and outside it. The total 
absolute weight loss was about two kg, indicating an 
energv deficit of approximately 680 kjoules per day 
if the change in body mass involved adipose tissue 
alone. It should lie noted, however, that during this 
period, the CDK's total body water (MOi.t report) 
fell from I >.0 liters to 14.1 liters and his mass from 
71.60 kg to 70. .'IT kg. There was, therefore, a loss ol 
I .TO kg of mas* and 1.8 kg of water. The dillcreitce 
between these numbers is comparable |o the expected 
variation of tin- total hod\ water measurements, and 
no net loss in hnd\ lal can he deduced. 

Tlie >1*1 s average energy intake wa* I 1.T00. 
I I. HIT. and I T,70T kjoules during the pre-, in , and 
postchambrr phases, respectively. The variation about 
(he mean ol approx imatelv ±1 ,680 kjoules per r J ay 
was much greater than lor the other astronauts. Die 
periodic variation of the SI’T s energv intake due to 
menu c\ cling was obliterated h\ tlie large variance 
due to the intake of elective energy items. It should 
be noted that the SPT was advised to increase his 
caloric intake, however, despite this increase, 
subject > weight loss continued . The >1*1 s weight 
loss appeared to eontiime relentlessly for 60 days 
with no noticeable changes in slope until the linal 
week when tlie >|*T was directed b\ the >Mlv\ I 
Surgeon to withdraw from the constant ilietarv 
control. During tlii-. week, weight loss appeared to 
erase at an energv intake of approximately 
16.7 IT kjoules per dav. This energv intake was the 
result of ad libitum feeding h\ this ere w member, and 
was approxmutelv 2J00 kjoules above the average 
in-rliambcr and preehamber levels. 

The >1*1 'iMained a total weight loss of approxi- 
mately seven kg from 1-28 to R ±14. M it is assumed 
that the weight loss consisted almost exclusively ol 
fat and if that fat tissue is considered to be 
approximate h ten percent water, then the energy 
equivalent id the mass lost is T4, 020 kjoules per 
kilogram. This would amount to a total energy deficit 
of 2TB. 1 40 kjoules over the experimental period or 
approximately 2.T20 kjoules per day . 
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During the period from 115 to l( 4 (), tin SPT > 
total body water (M075 report) changed from 
59.5 liters to 57.5 liters. During this same period, 
mass changed from 95. 15 kg to 88.0 kg. I lu re was u 
loss, therefore, ol 1.8 liters ol \\ aler and (>.95 kg ol 
mass. The loss of lal tissue may he assumed hy 
difference to have been 5.1 kg. This represents an 
energy deficit ol 1 92,780 kjoules, assuming 
57.8(H) kjoules per kg. This, therefore, represents a 
defied of 2.71 5 kjoules/day over the 7 I -day period 
eneompassed bv the total body water measurement. 
As will he shown later, tlx- mass loss was almost 
exclusively water and fat since no significant negative 
nitrogen halanee was apparent. Incidentally. there 
was no diminution ol hone mineral mass. 

The subject found the menus, in general, to be 
unattractive, and the elective energy items to lie 
unpalatable in large quantities. 

The average energy intakes ol the I'Ll pre-, in*, 
and postchamber were 15,455. 15,028, and 

15.091 kjoules, respectively , and no significant 
changes in weight were encountered. 

The I* LTV eyclie variation in caloric intake is 
easily discernible, indicating close adherence to the 
experimental dietary regimen. The daily weight ol the 
ITT varied considerably hut did not appear to 
undergo any net change. 

Total body water measurements for the I'Ll 
during this period fell from 52.2 liters to 51.7 liters, 
indicating a net loss of 0.5 liters. Mo change in body 
weight was discernible in this crewmember over this 
period. 

The average energy intake ol the crewmembers in 
the chamber did not appear to differ significantly 
from the prechain her energy intake. In general, the 
crew reported the food to he more acceptable in tilt: 
chamber than during the pre- and postlest periods 
despite the presence during these periods of addi- 
tional fresh food items. 

Measurements of whole body volume bv stere- 
ophotogramnn try (Peterson et al., 1971). showed 
that decreases in body \oliime had occurred. The 


precision ol this procedure, however, is not sul- 
ficicntly great that quantitative estimates ol body lat 
loss e an be made I rum these measurements. 

Creatinine 

Average creatinine excretions for the (5>K,SIT, 
ami PLT were approximately 2,250, 2,500. and 
2, 5(H) mg/24 hours, respectively. Although the varia- 
tion in daily excretion rates of creatinine was 
considerable, no change in the rate as a result ol 
chamber exposure was apparent. 

Nitrogen 

There did not appear to he jn\ change in nitrogen 
halanee resulting from exposure to the chamber 
environnien t. 

Potassium 

The mean intakes and outputs for potassium art* 
listed in 'I'ahle 7-7. The potassium balances an* 
persistently positive and do not significantly change 
during the period of chamber exposure. 


Table 7-7 

Potassium balance meq/Day 


Crewmember 

Prechamber 

In-Chamber 

Postchamber 

Intake 




CDR 

100.20 

99 04 

99 61 

SPT 

102 43 

103.86 

118.77 

PLT 

101 10 

101.63 

101 62 

Urtne 




CDR 

7296 

80 70 

73.50 

SPT 

70.89 

74.77 

64 88 

PLT 

74.07 

78.39 

74 72 

Fecal 




CDR 

5.84 

7.66 

6 95 

SPT 

5.64 

10.83 

11.80 

PLT 

7 86 

9.28 

7 34 


It is germane to note that within the sensitivity 
of these measurements there is no evidence for an 
increased nitrogen or potassium loss or diminished 
retention of these elements during any experimental 
phase hy any crewmember. 
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Calcium 

Analysis of calcium balance suggests a slightly 
diminished tendency to retain calcium during the 
period ol chamber exposure. 1 his tendency was not 
supported by the gamma ray photon absurptiometric 
measurements ol hone mineral mass which showed 
that no losses occurred as a result ol chamber 
exposure. This latter result is not surprising in view of 
tin* well-known gains in sensitivity which are usually 
realized by using metabolic balance studies rather 
than other techniques in studying calcium metab- 
olism . 

The persistent positive balances which are evident 
may be partially due to an accretion ol calcium 
caused by relatively high calcium intakes compared to 
the crew 's normal diet. This positivity becomes less 
pronounced as the study progressed. 

Phosphorus 

Analysis ol phosphorus balance demonstrated a 
slightly lowered capacity to retain phosphorus in- 
cliambcr. In all three crewmembers, periods ol 
negative phosphorus balance were encouiitere d. These 
changes appear to be a result ol both increased 
urinary and increased heal excretion rates. L)if- 
I ere i ices in phosphorus balance ol To mg per day or 
more are generally regarded a- signilicant. 

Magnesium 

Magnesium balance appeared not to be atfeeled 
bv the chamber exposure. Mean change- ol 50 mg are 
regarded as signilicant. 

Sodium 

A diminished tendency to retain -odium while in 
the chamber was exhibited by both I’l l and (T)R, 
but not by the SPT. 

Polyethylene Glycol 

Polyethylene glycol in 500-mg capsules was led to 
each crewmember three tirnes/day throughout the 
study. Occasional reports of missed capsules, together 
with analysis of the fecal material for polyethylene 
glycol, indicated that less than 1 ,500/ mg/ in an/ day 
had actually been ingested. Polyethylene glycol is not 
absorbed from the gastrointestinal tract and, there- 
fore. should he recovered quantitatively in the feces. 


Analysis of feces for polyethylene glycol indicated 
that insufficient!) constant quantities of this material 
were ingested to permit its use as an internal marker 
in these studies. 

The analytical procedure used for the determina- 
tion ol polyethylene glycol in feces is adapted from 
the lurhidimetric method of Malawer and Powell. 
This method is based on the development ol an 
oil-in- .vater emulsion ol polyethylene glycol when 
exposed to trichloroacetic acid in the presence ol 
barium ions. The emulsion is stabilized by the 
addition of acacia as an emulsifying agent. 

One gram samples of freeze-dried teces are re- 
hydrated with nine ml of water and centrifuged. One 
milliliter aliquots ol tin* supernatant are used for the 
preparation of a modified Somogui filtrate which is 
subjected to analysis by addition of acacia and 
trichloroacetic acid containing barium chloride. 

The authors found tin* response of the method to 
be linear, stable, and reproducible within the range of 
300 to 1 ,000 mg/ 1 00 ml. 

The method was evaluated in metabolic balance 
studies by Wilkinson (1971). Recovery studies of 
polyethylene glycol added to feces yielded a mean 
recovery of 99.60 percent for the standard deviation 
of 1.612. liecoverv of polyethylene glycol from six 
patients was made y ielding a mean recovery of 
98.65 percent with a range of 95.5 percent to 
100.15 percent. Five days after discontinuing admin- 
istration, all the polyethylene glycol was completely 
recovered. Recovery studies were conducted by Lock 
wood, and similar recovery percentages and 
deviations were obtained. Recovery studies per- 
formed by our laboratory yielded a mean ol 105.56 
with a standard deviation ol 7.47. 

Water Balance 

No differences are apparent in the ability of the 
body to retain water as a result of chamber exposure. 

Overall Metabolic Balance 

Average net balance of calcium, magnesium, 
sodium, potassium, phosphorus, and nitrogen for the 
three crewmembers is shown in Tables 7-8, 7-9, and 
7-10. 
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Table 7 -8 

CDR Metabolic Balance Data 


PHASE 


C A , mg 

MG, nig 

N A , m c g 

!( , meg 

P, mg 

N. g 

PRE 

DIET 

846.5 

3513 

187.1 

100.8 

1697 

16 2 


URINE 

2311 

106. 5 

131.1 

72.4 

1074 

13 4 


FECES 

450 2 

162 8 

2.4 

6 8 

320 

1.0 


BALANCE 

165.2 

82.4 

53.6 

216 

303 

1.8 

INFLIGHT 

DIET 

854.1 

342.7 

18 7.4 

99.1 

1726 

16 2 


URINE 

262.8 

108.1 

150.1 

80 0 

1216 

13.3 


FECES 

453 3 

164 9 

3 1 

7.4 

374 

0.9 


BALANCE 

138.0 

69 7 

34.2 

11.7 

136 

2.0 

POST 

DIET 

842 3 

342.0 

184.3 

99.6 

1696 

16 1 


URINE 

207.3 

98 8 

126.2 

73.5 

1041 

14.5 


FECES 

495 0 

160 7 

29 

7 4 

367 

1.4 


BALANCE 

140.0 

74.5 

55 2 

18.7 

286 

0.2 


Table 7-9 

SIT Metabolic Balance Data 


PHASE 


CA 

MG 

NA 

K 

P 

N 

PRE 

DIET 

857.1 

318.3 

176 4 

102 8 

1740 

16.7 


URINE 

113.5 

9 6.2 

147.5 

76.7 

1203 

15.1 


FECES 

442.2 

142.1, 

4.4 

6 3 

384 

0.9 


BALANCE 

301.4 

7 9.3 

24 5 

19 8 

153 

0.7 

INFLIGHT 

DIET 

851.6 

309.7 

175.7 

103.9 

1736 

16 5 


URINE 

119.7 

9 5.9 

120.7 

74.9 

1225 

14.6 


FECES 

620.0 

161.2 

9.3 

10.7 

574 

1.1 


BALANCE 

114.9 

52 6 

37 7 

13.3 

-63 

0.8 

POST 

DIET 

930.4 

354.7 

179 2 

120.2 

1913 

19.0 


URINE 

96 2 

7 5.9 

101.4 

65.8 

943 

14.1 


FECES 

793.4 

211.2 

6.4 

12.5 

626 

1.7 


BALANCE 

40.8 

6 7.6 

71 4 

41.9 

3 4 4 

3.2 


Serum Chemistries Discussion 

No changes in serum chemistry resulted from The principal goal of this study was to measure 

chamber exposure. changes, if any, that may have been produced by 
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Table 7- 10 

PLT Metabolic Balance Data 


PHASE 


CA 

MG 

NA 

K 

? 

N 

PRE 

DIET 

843.4 

341.8 

188.4 

101.4 

1684 

16.6 


URINE 

117.5 

98.3 

146.9 

74.6 

1057 

15.4 


FECES 

630.6 

162.6 

3.7 

8.0 

417 

1.3 


BALANCE 

95.3 

80.9 

37.8 

18.8 

210 

-0.1 

INFLIGHT 

DIET 

851.6 

340.3 

190.3 

101.6 

1722 

16.9 


URINE 

129.1 

104 3 

163.5 

78.4 

1046 

13.5 


FECES 

576.6 

164.9 

5.0 

9.2 

539 

1.2 


BALANCE 

145.9 

71.1 

21.8 

14.0 

137 

2.2 

POST 

DIET 

844.3 

328.8 

187.2 

101.6 

1723 

16 5 


URINE 

88.7 

97.9 

152.6 

74.7 

1052 

12 6 


FECES 

732 8 

165.3 

2 4 

7.8 

493 

1.4 


BALANCE 

22.8 

65.6 

32.2 

19.1 

178 

2.5 


exposure to Skylab atmosphere conditions. Signifi- 
cant information, however, was also obtained on the 
energy' demands of simulated Skylab activity and 
upon the ability of the Skylab diets to meet these 
demands. 

Mans energy requirements in space flights contin- 
ue to elude precise definition. Numerous studies have 
been made in space which convey bioenerge tic- 
information of one kind or another. Long periods of 
pulse rate data have been recorded from each flight. 
Average rates of oxygen consumption and carbon 
dioxide production have been obtained. Food con- 
sumption has been logged and a metabolic balance 
study has been performed in one instance (Gemini 7). 
Weight changes are well quantitated and several 
estimates of heat production have been made. Unfor- 
tunately, the precision associated with many of these 
measurements is poor, and the variation greater than 
the differences which are expected to exist between 
the cost of metabolic activity in space and on the 
ground. 

Despite these difficulties, however, it is essential 
that precise estimates of the metabolic cost of space 
activities be made and that any energy deficits 
occurring in space be recognized and quantitated. It is 
onlv in this way that an adequate understanding can 
be gained of the etiology of changes in body 


composition observed in astronauts returning from 
variable lengths of exposure to weightless conditions. 

During SMFAT significant weight losses were 
observed in the SET while no significant weight 
changes occurred in the other two astronauts. 

It is widely recognized that rapid fluctuations in 
body weight do occur in normal men with no 
apparent relations to changes in energy status. Even 
though these fluctuations are short term, they intro- 
du ce considerable variability into metabolic experi- 
ments. Durnin observed day-to-day changes in a 
group of 44 men living under highly controlled 
conditions of as much as one kilogram. 

Flkington and Danowski (l%5) measured body 
weights of a man on 58 out ol 56 days and lound a 
standard deviation ol ±0.389 kg equivalent to 
±0.51 percent of his weight. 

Most of the short term fluctuations of body 
weight should be attributed to changes in the water 
content of the body, and this must be kept in mind 
when attempting to compare losses in total body 
water witli losses in body weight. 

Weight loss resulting from negative energy balance 
is generally regarded as giving rise to a reduction of 
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the fa I ronton t of the Body. Depot fa l is the 
predominant storehouse of energy am! represents the 
material preferential!) used to compensate for the 
energy deficit due to inadequate energy intake. 
However, hypocaloric diets are also characterized bv 
losses in lean body mass and lolal body water during 
the first ten to fourteen days. 

The energy requirements of the SMEAT astro- 
nauts were predicted on the basis of previously 
referenced formulae published by the National lie- 
search Council. Jt is recognized that these require- 
ments may vary considerably for any individual. The 
degree of physical activity is the important variable, 
and, at the same time, the most difficult one to assess 
in advance. It is also expected, hut unproven, ilia l 
there may lie considerable variations in activities 
between individuals because of differences in individ- 
ual biochemical efficiency. The loss of body weight in 
the SPT, in contrast to the lack of change in the 
others, was probably due to the fact that tin 
investigators failed to appreciate this crewmember s 
propensity for vigorous physical exercise. 

The SMEAT diets were very high in carbohydrate 
and elective energy 7 was presented in carbohydrate 
form. This sourer of energy is considered to be highly 
suitable under the experimental conditions. 

Consolazio et at. (1962) reviewed the role of 
carbohydrate in nutrition and pointed out that 
carbohydrate appears to be the preferred energy 
source for the working muscle, although it can be 
replaced by fat during starvation periods or during 
carbohydrate deficient intakes. The ratio of carbohy- 
drate to fat utilized in the production of energy for 
the working muscle rises with an increase in work 
intensity or an increase in dietary carbohydrate. 
Muscle glycogen stores can be altered by changes in 
the diet and an increase in glycogen stores increases 
endurance during strenuous physical activity . Carbo- 
hydrates have been found to be four to five percent 
more efficient than fat as an energy' source for the 
working muscles. 

An increased protein intake lor athletes has been 
a popular concept of trainers and coaches, but 
scientific evidence indicates that protein is not 
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consumed by the working muscles. An athlete in 
training will usual!) consume a greater quantity of 
food to remain in body weight equilibrium, which 
will result in an increase in protein intake during this 
period. An increase in protein may be required during 
periods of combined body weight reduction, physical 
conditioning, and growth. A very modest amount of 
protein is obviously required for the maintenance of 
body muselc protein stores, but the idea that high 
protein intakes provide any benefit to muscle metab- 
olism or Junction is know n to imi>cle physiologists a> 
a misconception. 

Variations in urinary creatinine output are consid- 
ered to hi* a combination ol physiological changes, 
collection errors, and laboratory errors. A number of 
collection errors were recognized and procedures 
modified to preclude their occurrence in future use. 
The existence of abnormally high or low creatinine 
values was noted on several occasions and wa> 
ascribed to laboratory error. It should be noted that 
creatinine was measured by the autoanalyzer proce- 
dure for blood. Urinary creatinine determinations 
require modification of this procedure because of the 
variations in the pH of different urine specimens. No 
provision ha 1 ' yet been made for this. This may 
account in pari lor discrepancies observed in urinary 
creatinine excretion. 

The magnitude of reported daily dermal calcium 
losses has varied considerably . It has been as low as 
If) ±10 mg in old patients (Citelrnan et al., 1963). 
and as high as 0.8 to 2.0 gm in men at hard labor in 
the desert. (Consolazio et al.. I%2). Schwartz et al. 
(1965) estimated dermal calcium losses to be about 
lOOmg/day. Isaksson et al. (1967), in studies with 
thirteen patients, showed dermal calcium losses 
varying between 20 and 365 mg/day . 

During discussion of the GT7 flight, in relation to 
the very modest losses of calcium, l.utwak and 
Whedon raised the possibility that diminished atmo- 
spheric pressure, among certain other factors, might 
have been “protective.'' Although the atmosphere in 
GT7 and SMEAT-Skylab differed in gas concentra- 
tions, they were the same in atmospheric pressure. 
Thus, it appears from this study that diminished 
atmospheric pressure has no appreciable effect, or at 
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| ra st no protective effect, on calcium metabolism. 
The absence of changes in calcium metabolism in ibis 
study indicates lhat a stable baseline observation has 
b<*en made lor Sky lab as lar a> the ellects of 
atmosphere or calcium metabolism are concerned. 
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CHAPTER 8 


SPECIMEN MASS MEASUREMENT 

William Thornton, M.D. 

Lyndon B. Johnson Space Center 

Jack Ord, Col., USAF 
USAF Hospital, Clark Air Force Base 


Mass determination forms one of the corner- 
stones of engineering and scientific operations. The 
only devices previously available for such determi- 
nation were gravimetric; hence, unusable in space 
flight to date. Skylab will, for the first time, 

attempt to make mass measurements in space with 
experiments M074/1 72. These experiments will use 
spring/rnass oscillators for both investigation of the 
device's performance as well as routine measure- 
ments lor food residue, waste, and human mass. 

They form an integral portion of several other 

major experiments and, as such, are essential to 
their success. 

The SMMD (specimen mass measurement de- 
vice) was selected for inclusion in SMEAT to 
investigate its performance under conditions 
realistic of Skylab. Stated objectives were: 

1. Demonstrate mass measurement of the mass 
measuring device during the SMEAT cham- 
ber test. 

2. Perform periodic calibrations of the mass 

measurement device during the SMEAT test 
to ascertain long term stability and 
repeatability. 

Although not a stated objective, this test was 
used to develop and validate operational SMMD 


procedures. All Skylab conditions except weight- 
lessness were present, and this was partial!) simu- 
lated by placing the device in a plant such that 
gravity effect* on the instruments operation were 
virtually negated. 

Installation and operation closely followed 
those planned lor Skylab. Calibrations were per- 
formed more frequently, and several modes of 
residue and fecal measurement were tried to allow 
selection of the most suitable for Skylab opera- 
tion. 

This is a report of the methods used, results- 
obtained, and their implications for Skylab. A! 
though not strictly a part of this investigation, a 
number of factors affecting the overall accuracy of 
measurement of food and fecal samples wen* in- 
vestigated and are presented in the discussion 
section. 

Valuable assistance in data reduction was given 
by Konald R. I .anier of the Flight Control Divi 
sion, NASA, Johnson Space Center. 

Description of Apparatus 

Skylab mass measuring devices all use a 
mechanical (rectilinear) spring/mass oscillator in 
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which Ihc period of oscillation is a lunetion ol the 
mass coupled into the system, \tter calibration 
with a series of known masses, sample masses may 
be calculated Irom the period of oscillation pro- 
duced. 

Figure 8-1 is a schematic of such an oscillator. 
If the masses are displaced a small distance Xj 
from rest position Xq and released, it will undergo 
undamped sinusoidal oscillation w hose period ( P) 
is measured by a tinier. This period is given by 
the equation while the mass (M) may be calcu- 
lated from: 


M = A + BT 2 


(I) 


...wherp constants A and li arc i)io»t easily 
determined from calibration ol the system with 
known masses. 



Xo 

Xo 

1 


Posit ion of res: 
Maximum 0 spljcpnr'; 
Period of Osc i 1 !«e io” 



Figure 8-1. A simple spring/ mass oscillator 
and its equation of motion 


Such an oscillating system is approximated by the 
SMMD design. A flexure pivot or plate fulcra made of 
spring material both supports and constrains the mass 
to approximately translational motion as well as 
provides restoring force when displaced. Timing to 


10 r> second:- i> accomplished by a crystal controlled 
digital timer with a six place readout. \n 
electrooptieal transducer sends a signal to the device s 
logic circuit each time the tray crosses the midpoint 
in its oscillating cycle. Alter two cycles have been 
completed to allow transients to decay, the total 
elapsed lime for the next three cycles in lens ol 
microseconds appears on the device's digital display 


The displacement and release of the mass is 
controlled by a single .spring-loaded control lever 
which normally locks the mechanical oscillator and 
on manual rotation displaces and releases tin* tray and 
specimen mass to oscillate. A reset button on the 
electronic package sets the time to zero. Since these 
SMMD’s were not designed with a zero temperature 
coefficient, temperature was to be internally 
measured. The electronics unit has a switch -selected 
measurement I unction with a sensor in its base for 
this purpose. A large flat tray with an elastomeric 
cover sheet is used to couple specimens into the 
oscillator system. Tin- complete SMMI) includes a 
series ol solid calibration masses. 


Operation consisted of turning the device's power 
on, resetting the electronics readout to zero, placing 
the specimen to he measured on the tray under the 
elastic sheet, and rotating and holding the operating 
lever until the counting cycle is complete. This 
reading was manually recorded lor verbal 
transmission during a schedule report. 


The SMMD was mounted on a replica of a set of 
Skylab wardroom cabinets vertically oriented in tin* 
SMEAT chamber head (Figure 8-2). Actual mount- 
ing in the cabinet consisted of supporting the 
SMMD base plate on the ends of vertical vernier bolts 
at four comers for leveling. These bolts lilted recesses 
in the plate, and contact was maintained by tbc large 
weight of mounting plate and SMMD. Neither cabinet 
nor mountings were as rigid as Skylab. A potential 
error source was the large amount of low frequency 
vibration in chandler structure generated by the 
environmental control system blower. I his could be 
expected to increase the random errors. There was 
virtually no air flow or other potential error sources 
in the SMMD area. 
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figure 8-2. Specimen is weighed in I he SMMI). 


AH weight* other than the calibration masses urn* 
dr term hied with an ordinal*) laboratory 
platform dnam balance scale (\ AS \ T00887) placed 
in a cabinet immediately above tin* SMMI). I he 
SMMI) used in this test was a 1)\ II (de\ clopmcnl 
lest unit), part 28*17-0012-01 . Serial DIM. It was 
rssrnlialh identical to flight hardware. 

Data Collection 

Siner the device is a comparative rather than an 
absolute unit, calibration is mpiired at least once 
even ten days Doth lor operation as well a> 
evaluation ol the instrument. Briefly , calibration ol 
the SMMI) in tin SMP'AT ( hamher consisted ol : 

(1) Verifving level by visual inspection ol the Imhhle 
level; (2) Obtaining a starting temperature reading 
from the SMMI) and independent sensors: 

(2) Inserting the proper mass in the renter ol tin* 
specimen trav ; (4) Zeroing the electronic timer; 
and (.">) Releasing the trav to oscillate. 

This procedure was repeated live times lor 
each mass unless unusual crew aeeeleration or 
other aetivity produced a period readout ol more 
than 2(H) microseconds (20 counts) difference 


from the average ol the live reading* obtained. In 
thi* event, the mcasiir vinrnl was simply repealed. 
(.alibralioN masses were: 0, >0. 100. I >0. 2 d). 
4(H), t()0. and oOO gin, llie range ol mj**c> capable 
of being mea*ured by the SMMI) at I g vit*u* a 
maximum ol 1 .000 gin at 0 g . 

At the beginning ol the tr*t. it had been 
planned to u>c the internal temperature measure 
incut, but its inaccuracies prevented this, and a 
varielv of work-arounds were tried, including use 
of the air probe sensors and digital thermometer 
from M 187 and using air temperature measured by 
the environmental control s\ stem. I miperatures 
Irom these devices were taken Irom structure a* 
close to spring supports a* possible. I he>e data arc 
presented and discussed *uh*ei|uenll\ in this re- 
port. Since chamber temperature w a* constant and 
there were no significant heal sources in the 
associated structure, ambient chamber temperature 
proved in he the most practical. 

It wa* originally intended to measure ah lood 
residue and feces, hut no residue wa* ever avail- 
altlc, and onlv fecal ma** measurement.* were 
made. Nveral lood residues were simulated. A 
varielv of method* of folding or manipulating 
fecal hag* was tried during the test. Although this 
ha* no effect on errors shown, which is gross mass 
of hag and contents, large error* in leeal masses 
can result from uncontrolled variation* in pack- 
aging trchuHpies. Several lood residue measurement 
IcchiiMpic.* were also tried. Since leeal mass mea- 
surement is interrelated with collection, the 
method.* and probable errors given arc discussed 
later. 

It had been planned to pass the calibration 
and sample period data from tin* chamber verbally 
and have all calibration curve generation and mass 
conversion performed externally . Rough in -chain her 
conversions wen- to lx* made graphically, (iravi- 
metric mass determination.* of all samples were 
made in-chamber and also verball) passed out as 
were the actual sample.* which were then to Im* 
remeasured with high resolution balances and dif- 
ferences checked. Just prior to entry, a tiny digital 
computer (118-87)) became available and made inass 
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conversions using externally generated curve coef- 
ficients a sitn |>l< enough task to lx* done 
m-chamber. 

Data Reduction 

Analysis 

lltimate performance ol tin* SMMI) is simply 
judged by bow closely it determine?. tin* mass ol 
any unknown sample a> compared to the sample s 
true mass. This dillerence i> designated AM. (Equa- 
tion I is an approximation adequate I or operation- 
al measurements.) 

Mass A ♦ H I 2 { I ) 

A and B art' coefficients determined by ealihration 
with known solid masses using the regression equa- 
tions la and 4l>. 

Bor examination ol ultimate performance, a 
series ol equations ol higher orders are generated 
to lit the ealihration points more closely . They are 
ol tin* form: 

Mass A < BT * Cl' 2 <I)T 3 Yl" (-) 

Errors in mass M are related to period errors by: 

Am _ 2 A T (3) 

M T 

where: T is time of pcriod(s), AT i> error or 

variation in this tirnr . 

Errors. AT (lienee AM). rna> he eonsidered 
from several aspects, and the ones examined here 
are defined as: 

Resolution is variation in recorded |>eriods with 
a given sample in place and with repeated opera- 
tions of the scale. This value determines the 
ultimate SMMI) performance which may be ex- 
pected and is a function ol all short term errors 
in the unit such as zero crossing resolution as well 
as externally induced disturbances such as 
vibration. 


Repeatability is determined by removing a 
mass, replacing it on the tray, and repeating the 
measurement immediately . 

Drift is error over a longer period of time and 
is determined by measurements of the same mass 
separated by days or weeks of time. 

Although omitted in the above discussion, tem- 
perature is assumed to be constant in the pre- 
vious measurements. These devices w-ere fabricated 
with appreciable tenqieraturc coefficients so this 
error source must also be considered. 

Since the primary objectives ol M074 are eval 
uation of its performance as a nongravimelrie ma>s 
measurement device, MMD (Mass Measurement De- 
vice) error source analysis is crucial. Expected 
sources include: 

1. External vibrations which have components 
close enough to the natural frequency of 
oscillation to cause an error in period. 
Since the SMMI) oscillation amplitude ha> 
been kept small, very' low levels ol external 
oscillation may cause appreciable period 
disturbances. 

2. Any nonrigidity, i.t\, “slosh,' either in 
specimen mass or in coupling the specimen 
to the tray may result in secondary osc il- 
lations which, if the frequency is near the 
fundamental frequency, will cause errors. ' 
This i> the major limitation in the utility 
of this type of mass measurement. 

3. Any lack of rigidity in either the mounting 
or supporting structure of the device can 
produce either coupled compliances or re- 
sistances which may alter oscillation period. 

4. Any mechanical or other disturbance to the 
tray such as air streams or mechanical 
interference are fairly obvious error sources. 

5. In I g use, the* plane of oscillation must be 
normal to gravity, or a pendulum effect 
with shifts in period will otherwise* occur; 
heme, the need for careful leveling. 

(}. “Internal* errors determine ultimate accur- 
acy available and include errors of 
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spring/plalc lulcra (which ratmol be separ- 
ated from overall mechanical design) such 
as spring rate drift, hysteresis, creep, and 
temperature eflrcts. 

7. Accuracy of tin? counting circuit and the 

resolution of the zero-crossing detector 
determine ultimate resolution and accuracy. 

8. Not so obvious an error source is the "Ian* 

mass ' or mas?' of the specimen tray and 

associated structure. Overall accuracy is 
limited hy tare mass as follows. The maxi- 
mum SMMI) resolution available is AM, a 
relatively fixed value ol M 0 (tare mass). 
However, the error oi interest is the frac- 
tion of specimen mass M x or AM/M X : thus, 
when M x is small when compared to M 0 

(tare mass), appreciable errors can result as 
in the case of measurement of small food 
residues, 


*). Second ami third order errors include 
buoyane\ generated in gravimetric mass de- 
termination am! a tirtual mass of air which 
moves with an object at low velocities. 

Data were analyzed a> follows. ( -aldiralion 
masses were accurate to five significant places and 
thus assumed to have negligible error ami became 
standards. All other sample masses were deter- 
mined from the gravimetric balance which was in 
turn compared to the calibration masses as shown 
in Table 8-1. Weighed sample masses were correct- 
ed to the calibration masses. The gravimetric scale 
was obviously sensitive to the location of weights 
on the pan. This was its largest error source and 
could easily lx* one -third gin or more without 
careful centering ol small objects. Resolution ol 
.05 grn w as possible w ith this scale, although 
0.1 grn would he a more conservative figure. Dis- 


Table 8—1 

Indicated Weights From Gravimetric Balance, vs. Calibration Masses 


Calibration Mass 
Grams 

Scale Reading 
Grams 

0.0 

o.oc 

50.00 

50.04 

100.00 

100.03 

150.00 

150.3 

250.00 

250.28 

300.00 

300.50 

400. 00 

400.58 

500.00 

5C0.62 

100. 00 

100. 05 2 

100. 00 

100. 06^ 

100. 00 

100. 35 4 

100.00 

100.10 

90.00. 

5 

90.08 

95.00. 

95.08 


1 - NASA Scale #T00837 


2 - X 10 Scale 


Date Difference 

JO % 


179 

0 . 

0 

179 

8. x 

io- ? 

179 

3. x 

CM 

1 

O 

r-t 

179 

2 x 

10' 1 

179 

1.12X 

10 ' 1 

179 

1. 66x 

10' 1 

179 

1.45x 

10' 1 

179 

1 . ?4x 

10* ‘ 

203 

5. x 

io mJ 

203 

6. x 

10~*~ 

203 

3.5 x 

10* 1 

222 

1 X 

*-■ 

0 

1 

h-' 

222 

8.9 x 

10" 2 

222 

8.4 x 

10- 2 


4 - at 6 cm. Off Center 

5 - Laboratory Standard Masses 


3 


X 1 Scale 
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rrepaneies between the standard and measured 
weights amounted In some one lo two-tenths ol a 
percent al masses above 1 00 gin and slighllv less 
llian that al lower masses. 

The first live readings were always recorded lo 
allow stud\ of maximum period variation. II drill 
or some overt inslahilil) were presenl, a sequence 
would Im* repeated as neeessarv . 

Straight-line calibration curve coefficients were 
calculated from: 

a B b. A V AX (4) a«Xli 

Ex 2 \S\ 

2 

\ 1 (period >“ 

\ average X 

V - mass 

V average V 

A computer program wa^ used to generate a 
curve to calculate empirical!) a scries ol equations 
of the lorm show n in Kqualion 2 up to the lillh 
order. Each curve was then used It) calculate 
masses at each calibration |k > in 1 Best lit was 
selected h\ comparing calculated to actual values. 

Determination of and subsequent compensation 
for temperature was a problem. I able 8-2 shows a 
series of indicated temperature readings bv the 
SMMD versus either measured temperatures on 
structure near the springs felt to be in equilibrium 
with them, or else ambient temperature if it had 
been stable for several dav >. The first temperature 
on a given day was taken immediately alter the 
SMMD power had been turned on while the 
second was just prior to power being turned oil. 

Until day 2-1*0, the SMMD temperature seems to 
bear a relatively constant, though erroneous, rela- 
tionship to that which actually existed, but alter 
that then 1 was little relation between the two. A 
second problem with the SMMD internal thermo- 
meter is that the electronics' heat induces errors 
after a short period of usage. 


( 'ali lira ti oils wi re first made with and without 
temperature corrections. Such corrections were 
based on indicated temperatures and a temperature 
coefficient supplied by the fabricator and appar- 
ently derived using the SMMD internal temperature 
measurement, and. as such, produced errors. Hie 
temperature was measured independent!) at each 
calibration ami data were not “corrected 1 to some 
standard temperature but rather the apparent dif- 
ferences in mass were used to generate an accurate 
temperature coefficient. This latter figure is of 

interest in defining trni|>erature coefficients but is 
not required to meet operational sample measure- 
ments. Measurements shown here are not tempera- 
ture corrected. 

faille 0-1 is a tabulation of several aspects ol 
all calibrations ami includes the average o) all 

periods at zero mass both al the beginning and 
end (0| ami 0*>) of the calibration period, of the 
21)0 gm calibration sequence, the total variation in 
period at each sequence (resolution), dillerences 
between 0j and t)o during a calibration period 
(short term drift), and dillerences in the average 
periods td ()|. 0o. and 250 mass sequence from 
the initial calibration (long term drift), tempera- 
ture as measured b\ independent methods, and the 
straight-line calibration curve constants A and B 

The initial calibrations were separated since on 

dav 210 and after the SMMD had been altered. It 
would be more accurate to take the mode rather 
than mean period ol oscillation it a sufficiently 
large number ol cvcle> bad been available to select 
a mode. 

Table H I contains values from three represen- 
tative periods ol feral mass measurement, earh . 
mid ami late in the test. Values include date and 
sample identification, gravimetric mass, gravimetric 
mass approximately corrected to SMMD standard 
masses, mass difference, and percentage difference 
of fecal mass plus hag and wipes and percentage 
of estimated fecal mass. The latter was obtained 
bv subtracting an estimated llOgm for bag and 
wipes Irorn total gross. The SMMD mass is calcula- 
ted from Equation I using the required number of 
significant figures. No temperature corrections were 
used since a calibration curve at tin* stable temper- 
ature of each period was available. 
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Tabl^ 8-2 

SMMI) Indicator! \s. Measured Temperature 


Date 

Time 

Indicated 
T emperature 
°F. 

Measured 
T emperature 
°F. 

Temperature 
Error °F. 

Indicated 

Temperature 

Rise °F 

11) 

lk?< 

70 

fiY 

+ 3 



iLps 

73 

67 

+6 

3 

It?. 

13^6 

?4 

71 

+3 



XL 03 

77 

71 

+ 9 

3 

i <r 

17^5 

73 

79. 5 




I 6 90 

76 

70.5 

+ 55 

3 

rpv 

IY'3 

77 

7 3 

+4. 



1531 

80 

7 3 

+7. 

3 

PLO 

1^/ 

82 

77 

+ 5 



i 5' '*9 

63 

77 


1 


9307 

75 

68.5 

♦' -5 



?2?? 

77 

68.5 

+ 8.3 

? 

? c ji 

1 4^0 

77 

68 

+ 5 



1455 

78 

- 

- 

- 


1507 

79 

68 

+li 


?v 

9346 

Ik 

68 

+ 6 

- 


Tallin 8 8 

Some V alues of SMMD Calibrations 


Calibration 


Mass 

Date/Grams 

Average 

Penod(T) 

Seconds 

Drift 

Long 

Sec.xlO*® 

Drift 
Short 
Sec.xlO ^ 

Resolution 
Sec xIO 5 

Measured Curv< 

Temp Coefficients 

F° A ?• 

T i 

I. -*>'.£> 




•r; -6ie.L'*7 if-:.' 


.. 


-09 

9 



... ;p7f.' 7 



i 




- !»7 


, 

r-1 -6At.J‘L L* S'V. 
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Table 8-3 (Continued) 

Some Values of SMMD Calibrations 


Average 
Mass Period(T) 

Date/Grams Seconds 

Ontt 

Long 

Sec.xlO 5 

Drift 
Short 
Sec.xlO '5 

Resolution 

Sec.xtO 5 

Measured 

Temp 

F° 

Calibration 

Curve 

Coefficients 

- 

A If 


-40 

-22 

ft 





/Vi 

-46 


7 




L . .U*< . <* 

-35 




-» it.fjbfc 102-944 

— 



-12 





f.- ■ . . . ' v 

-9 


- 



■— 

, , i , <L.-h i 

-13 


It 

- 

- M B . 24 '* vji 



-19 

23 

13 



— 

v :-4r! 



-3 




v ^ . >4*61 

-PI 


6 

r~’’ 

-F.ib. 29 c K2. <>< 

— 

• )., i. 946 >8 

-15 

23 

14 




.''*J <' • V-740 

-27 


10 



~ 

i . vU? ;>i 

- 1: 


13 

7 

-.6P.9T.1 -flB. 394 



-n 

-29 

14 



— 

-7V, 

-l? 


7 




i- 7 

♦ 2 


12 

*■ 

.62. *>15 -6l8.5 

— 

. . «4.W <r 

♦ ^ 

-3f 

19 





* li 


C 

J 



— 

. . l. 4^-: 

-n 


'> 

< 4 

'fit- -M8.V' 


i . *hr i. « 

-30 

-38 

7 




■o^TK 

- ?v 


J 




... ^ 




;r. 

IB 2.94 7 -far. 271 

— - 


-:e 

-27 

' 











l.-*47M4 

-116 


39 

7 .J 

lt£. 983 -B17.BT4 
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Table 8-3 (Continued) 

Some Values of SMMD Calibrations 


Average 
Mass Period{T} 

Date/Grams Seconds 

Drift 

Long 

Sec.xlO 5 

Drift 

Short 

Sec.xlO 5 

Resolution 
Sec.xtO 5 

Measured 

Temp 

F 0 

Calibration 

Curve 

Coefficients 

• ]< 


-124 

-35 

4 



.'..30633 

-13- 


1 C 






c; 




- 1.-; 

-r 

0 




- j *4 







37 

* 






- 



V r L . 



- 

*e.;, 

. yj. ■ 

. - * 7 * l ; 

♦ ie,,! 

3" 

* 



. *:«A 

♦\5 ■ 






4 VT 


po 

68 

157. ir 4 

l.'f'frr 

♦ 463 

4U 

9 



- 

♦ 4 47 


n 



■y~ l. 

* 1*38 


13 

68 

_ e -;r _< _ .».* 

i. 987'' 7 

4433 


44 



?v : .y/'ki 

+ 3 '7 


39 



■ ! C. . . *81 ~ 

♦ 4jQ 


20 

6ft 

1 57 . l .r 06 -'-r.i 

■ l.-ifl733 

+ 3°9 


li 



r/) 

♦476 


ft 




cal it - ration. 

Cdr. 

f ■■ n t . 

" t - 
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Table 



\ 

Sample 

Number 

eeuraey ol l‘< 

Gravimetric^ 

Mass 

Grams 

real Samph 

SMMD 

Mass 

Grams 

Date 




:’0<< 

FC jDA" 


?l*7. T 0 


FC :‘;U 

ryf s . i 

275.2*6 


FC 

21; • J > 

212.75 

: s o 

FC l r jh 

L : j7. „ 

255-2 


FC 1577 


168.67 

. A 

FC AM 

1* ■ . 

1M-33 


r C AS * 

-•7. . 

;>7c . oR 


fc 

17 •./ 

170.75 

: ii 

fc isr 7 

*•> 1 * ■ * 

2 r Sl . 06 


FC 1 52*' 

idc . ; 5 

166.56 


fc 

COT . - 

20% 2 


IV HA 

177. l." 

176.3 


FD IT ’ 

DP'.MC 

276.71 


FD IT " 

u-»7. 79 

i7j. ?9 


FD :?Hc 

iC[i. • 

187 . 05 

- 

FD "00 

r-y . .c 

206. 7 r - 


FD :S07 

I op. 00 

100. 26 


FD It. A 

. '0.73 

191.06 

y<! 

FD 175.: 


ifcO. 21 


FC 1S1T 

737. *- 

233.77 


FC 1 51 f ' 

173.-3 

175.56 

2t? 


i~9. 

ltil .50 


^Corrected to SMMD caDbration mass 


Table 8-5 shows the results Irom several simu- 
lated food residue measurements. ! able 8-6 shows 
the accuracy of fit of various calibration curves 
from lunations I and 2. 


Results 

The RMS errors for the third and fourth order 
calibration curves were similar and the practical 
best accuracy which could be obtained was 
.0238 percent and .0244 percent RMS error respec- 
tively with a range of .000 percent minimum at 
500 gin to + ,03464 percent at 100 gm. This com- 
pares reasonably well to prototype errors on the 
order of .01 percent. Resolution at 250 gm using 


4 


Mass f h 

Error 

Grams 

•terminations 

% Net 

Gross Error 

Error % 

Period 
Resolution 
Sec.xlO 5 

+ .66 

- 


2 - 

- • 15 

-, 0 ‘A 

- . rii 

:i 

.2* 

. 1 : 

nr 


1 . i 

. 4 - 

.v 7 

23 

.72 

. 3’" 

.77 

9 

. 

__ , 

; 1 


5 . *2 

. 


1 1 

.77 


. -V 

r 

C. 55 

1.7 • 


-- 

.76 


. V 

-v 

r-- 

r , j-: 

i ' V . 

o-; 

‘ * ' ' 1 


’ * 

"* 

1.6 



1 ■ 

-.77 


. : 

14 

-.4*- 

32 

1-35 

1 * 

.75 

. 2 r 

J. 1 

3- 

- 

.17 


rn 

1.16 

.5- 

i .32 

15 

„ . 35 

:e 

.73 

10 

. 91 

• >7 

1.86 

71 

2.17 

.92 

1-75 

k? 

+1.77 

1.00 

7.17 

19 

1.67 


2.36 

76 


calibration masses was typically 3.95 X 10 ^ per- 
cent or .0989 gm. Drill over a ten-day period 
averaged 5.329 \ 10 ** percent or . 1332 gin. 

A worst case error over a len-dav period at 
250 gm should thus not exceed .256 gm or 
.102 percent. Short term resolution at small masses 
was on the order of 100 mg. Temperature coeffi- 
cient appears to be on the order ol 45 counts/ 0 F 
or . I 25 percent/ 0 !*' at 250 gm (.313 gm). 

Fecal masses had typical net errors of .5 to 
.75 percent with normal samples, but occasionally 
small samples exceeded 2 percent, (iross lecal sam- 
ples (wipes and hag) were typically less than 
0.5 percent with occasional errors on the order ot 
2 percent. 
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Tahir n r> 

Food Residue Determinations 


Mass 

Gravimetric 

Item Grams 




) Liquid in Skylab drink containers. 

2 T issues used to constrain liquid 

The food residue measurements shown are not 
exhaustive and, in lari, a number ol additional 
determinations were made. These, ol course, must 
be supplemented with a great many more runs 
with the definitive flight procedures prior to flight. 
Free liquid, i.«\, liquid with a large air interlace or 
in a container with large dimensions in the plane 
of oscillation, will produce large errors. Conversely, 
the small samples of more viscous materials (corn, 
sauces, etc.) produced surprising!) large errors on 
the order of two gm which could never he ex- 
plained. Larger, more liquid samples with tissue 
entrapment were measured accurately. 

Discussion 

The SWM1) performed satisfactorily as a non* 
gravimetric* instrument for mass measurement 
within the accuracies required for support of the 
associated medical tests. It was reasonably quick 
and easy to use. The chief operational problem 
was recording and verbally transmitting consider- 
able amounts of time data which then required 


Mass 

SMMD Error Error 

Grams Grams Percent 


47.77 +1.07 


-» 4 . 7 : <■' 

44. 4 l 

i F 7 , V, ♦ i . jU . -4 

+3.44 

J - 3 .& +.3 i .. 


translation into mass, i.<\, the device was not 
direct reading as such an operational instrument 
should have hecn. 

As a tool for rigorously investigating a new 
method, it had predictable limitations. Lark ol a 
workable temperature-sensing system can probably 
he worked around, but this is a problem with the 
instruments large temperature coefficient. The 
large tare mass of the specimen tray makes high 
resolution studies impossible. It performed well as 
regards drift, hut showed moderate sensitivity to 
mass position, undoubtedly a byproduct of the 
large specimen tray and plate fulcra design. 

Some care will be required in measurement of 
food residue to prevent slosh and resulting errors. 
An overbag ami enough tissues to soak up liquids 
will produce acceptable results here. Careful ac- 
counting will be required to insure that no errors 
in adding wipes to fecal and tood samples occur. 
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Table B (t 

SMMI) Calibration Curve Error > 


K i-A it ion: 


2 

2nd Order 


2 

3rd Order 


2 

4th Order 


2 

5th Order 


Calibration 

Mass 

Grarns 

Calc 

Mass 

Error 

Grams 

Error 

Percent 

Calc. 

Mass 

Error 

Grams 

Error 

Percent 

Calc 

Mass 

Error 

Grams 

Error 

Percent 

Calc 

Mass 

Error 

Grams 

Error 

Percent 

Calc 

Mass 

Error 

Grams 

Error 

Percent 










, y lt 

. 

v 

. *> 

- r • * 


. 


W.’i. 


-.'-5 4*3 

- . 7 ^70 

- .07 3^' 

, , 

- . Cl* 

, ■ \ , . ~ ‘ 


. ir' 

. 0 H46I* 



. '3^7 

■ 04 1*3 3 

.01*1*33 

1 ' . ■ v • 



.wn. 



. .1 Si 

. V4;i 

. oit'vr 

.or 55 .. 

.!">i* 




- . ' . y 



- . . . >" V. 



- • :■ 

- . >0 * 3 ;: 

1: - V 

_ P r • ^ ; 

.... i. . ..." : 


- 4 , ! i i -*r 

- . - j. 




. . 

- . ipr-vr 




■ ’>■< 

1 - M • v ’ 

, < . 



, ' J : jc. 

. ' j“.;> . 

. >. r rv: 


1 * 










‘1 "V 

. rr 

..M.i 



" * ' v 



- . > Jbh; 








(xminans 









A ^ 


y 

t 

A 



v ir 'ixi**r 



U. 


— 



\ 

— 




t Ail:: 


i 


Eqn. 1 — M = 618.477 + 162.962 T 2 (Cal. from Day 208) 
Eqn. 2 — M = A^ + A^T + AjT 2 X A^T^ + + ^5^ 


Discrepancies 

The temperature measurement system was inac- 
curate and unreliable. 

After some ten da\ s oi use, the elastomer 
specimen hold-down sheet began to pull loose 
from its lower clamping rail It pulled completely 
loose at several points by day 244, and was passed 
from the chamber where the sheet and clamping 
rail were replaced. The mechanical portion of the 
unit was autoclaved twice lie I ore being returned 
which apparently stressed springs or structure such 
that performance was markedly different from the 
first portion of the test. After return on day 240, 
period readings were erratic, and there was a 
frequent large drift. I his is not so readily apparent 
from the recorded data since they were filtered 
prior to recording, i.e., the crew would wait until 
the worst drift was over or not record obviously 


spurious readings. In addition, the zero-crossing 
detector was found to he loose after the chamber 
run. For these reasons, data from da\ 240 onward 
are not considered representative. 

The replacement damping rail for the elastic 
sheet was a heavier, more rigid, element than the 
original, which was thin and flexible, and did not 
distribute pressure evenly resulting in stress points 
on the sheet. This replacement appeared to solve 
the problem. 

Although mass determination is an obvious 
error source, other much larger errors can easily 
accrue to make worthless the efforts to obtain a 
good MYll) instrument. Some of these errors in 
fecal specimen measurement are examined. 

Fecal samples are collected in a hag with 
self-adhesive surfaces which prior to use are 
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covered with plastic backing. In addition, six wipes 
are nominally used and placed in the bag but 
more than this may be required, 

Several possibilities of error present themselves. 
First, the bag weight must be known. Table 8-7a is 
a typical listing of seventeen bags. It appears that 
the bags were handled in lots since, as shown by 
this sampling, there was large variation in accuracy 
of recorded weights. Some lots were close to 
marked weights while others showed typical errors 
recorded . 


Table 8-7b shows the consistency of mass of 
the total amount of adhesive backing tape. Varia- 
tion from maximum to minimum weight is 
0.29 gm. As expected, this die-cut material is very 
constant, and a fixed average value can be used 
with negligible error, so long as all of it is 
consistently accounted for, i.e., the same proce- 
dure is used each time. Portions of this backing 
weigh approximately 2.5 gm each. 

The most likely source of error is accounting 
for the number of wipes used. Table 8-7c shows 


Table 8-7a 

Measured vs. Recorded Fecal Bag Weight 
Recorded 

Measured Weight Weight 


Bag I.D.# 

Weight # 
Grams 

(on bag) 
Grams 

Error 

Grams 

Error 

Percent 

FD 1790 

97-77 

99.90 

2.13 

2.18 

88 

96.90 

97-00 

.10 

.10 

87 

96.30 

97.30 

1 . 0 

1. 04 

86 

96.08 

99-70 

3.62 

3.76 

5 

95.15 

95.65 

.50 

.53 

4 

97.60 

100.03 

2.35 

2.41 

3 

97.18 

99.58 

2.40 

2.47 

FD 1838 

96.72 

97.10 

.38 

.39 

49 

99-2? 

99.48 

.26 

.26 

31 

95.22 

95. a 

-.11 

-.12 


96.36 

96.15 

-.21 

-.22 

09 

99.44 

99-1*5 

.22 

.22 

20 

95.55 

95-36 

-.19 

- .20 

cl I 

96.93 

96.5*1 

.39 

.40 

25 

96.60 

96.55 

-.05 

-.52 

FD 17 91 

95*3? 

97.1*0 

2.08 

2. 18 

1792 

97 * lb 

100.11 

2.97 

3.05 


Corrected to cat. weight. 
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Table 8-7 (Continued) 
Measured vs. Recorded Fecal Bag Weight 


lb) 

Fecal 
Bag I.D.# 

Adhesive 
Tape Backlog 
Total 

— 

10.62 

FD 1RU8 

10 .(/' 

1030 

l r » . ?5 

lS 31 

10 . 17 

1838 

10. *0 

1787 

10. UR 

l 8"5 

10. u? 

1806 

10.31 

- 

10.36 

— 

10.35 

18U6 

10.50 

IO.U7U Avg 


(c) 

Weight of Wipes 

2.6 gm. 

2.5 

2.5 

2.6 

2.65 

2.57 Avg. 

Average weight of another 
sample of 63 wipes wav 

2.798 gm. 


some typical wipe weights. As would be expected, 
they are very consistent in weight from item to 
item, but there were at least two lots of wipes 
used in SMEAT. Another sample of 63 wipes aver 
aged 2.798 gm. An error of wipe count is likely 
and one to two wipes can cause appreciable errors. 
This, plus errors in bag weights and possible 
differences in techniques of adhesive backing dis- 
posal, can easily produce errors of ten gm or 
more. 


It is recommended for Sky lab that: 

1. The sources of bag weight error be found 
and corrected. 

2. A fixed procedure for removal of adhesive 
backing be instituted and followed. 

3. Wipe weight determination be made and 
wipe count rechecked on return. 

4. Most importantly, personnel using specimen 
data become aware of error sources and 
take appropriate precautions. 

Measurement of food residue samples, like 
fecal sample measurement, will depend very much 
upon procedures used. At the moment, these have 
not been delineated. The following is a resume of 
error sources and recommendations of procedures. 

Food packages vary widely including: beverage 
containers, an accordion-folded plastic cylinder 
with a push-pull valve; several can arrangements 
with pull-ring lop removal, including small can?s of 
custards, candies and peanuts; a separate larger can 
with plastic internal container and a water valve 
for rehydration, and with a plastic diaphragm for 
large cans of wel-paeked foods such as fruits in 
syrup and applesauce; and large cans with frozen 
foods such as filets, shellfish in sauce and ice 
cream. Apparently, a new design for dehydrated 
foods will be used for flight. It will have a 
semirigid section to fit the larger cans with a 
scalable plastic membrane extension. 

Regardless of food residue, two requirements 
must be met lor satisfactory mass determination. 
The objects) must be secured to the SMMI) 
specimen tray. They must be prevented from 
sloshing. Of all the schemes tried, the following 
was the most practical. Small custard cans with or 
without the lid may he placed directly on the 
scale. A plastic bag with some form of liquid-tight 
closure is required for other measurements. Those 
cans with particulate materials such as candies and 
peanuts should be emptied into the plastic bag 
which is then placed on the specimen tray such 
that all contained particles are under pressure by 
the elastomer sheet. 


SPECIMEN MASS MEASUREMENT - EXPERIMENT M074 


Depending upon the final container configura- 
tion, the plastic inner containers should be re- 
moved from the cans and either sealed or placed 
in the plastic bag which is sealed. Any homoge- 
nous foods can be measured directly since they 
are viscous enough not to slosh. Most of the 

wet-packed foods (with the possible exception of 
applesauce) and the frozen items should be placed 
in the bag with its can and sufficient wipes to 

absorb any free liquid and the assembly place \ 
under the specimen restraint. Using these' proce- 
dures, accuracies sufficient for support of the 
metabolic analysis should be obtained. 

Equally, or even more important than mass 
measurement technique is the accounting of all 
objects in the gross mass figure, i.e., type and 

number of containers and wipes. It is equally 
important to insure that an accurate known mass 
is available for all of these items, i.e., can weights 
and wipe weights should be accurately known. 
Both cans (and their lids) and wipes have uniform 
weights to a small fraction of a gram. It is 


8-15 

assumed that any plastic bags used will also be 
uniform or else weighed and stamped. 

If such procedures are instituted and followed, 
accuracies adequate to support the metabolic ex- 
periments will be attained. 

Body Mass Measurement 

Although not directly associated with M074 
and the SMMD, there was opportunity to verify a 
crucial component of Ml 72 (body mass measure- 
ment experiment) during the SMEAT test. In this 
experiment, food trays are to be used as calibra- 
tion masses. One might reasonably expect some 
change in these masses cither through evaporation 
of volatiles or through addition of food residue. 
To determine magnitude of such changes, all four 
food trays were accurately measured by the NASA 
calibration lab using 1 * balances #41689 and 
CO 3586 and mass sets #46994 and CO 2731. 
Results are shown in Table 8-8. In the absence of 
any consistent trend, no valid conclusions can be 
drawn. 


Table 8-8 

Calibration Data for Four Food Trays 


Tray 

Serial Number 

Pre test Mass 
Kilograms 

Post-test Mass 
Kilograms 

Difference 

Grams 

Difference 

Percent 

4 904 „ 
2 

10.95175 

10.94648 

-3-27 

-2. 99x10" £ 

491C 

11.0337* 

10.97474 

-59-02 

-5- 35x10* 1 

4511 

U.10955 

11.10866 

-0. 67 

-6.03x10* 3 

491S 

11.0027* 

10. 99907 

-3-71 

-3.37xlO* ? 


I r. the absence of any consistent trend no valid conclusions can be drawn. 


>ne could postulate that both evaporative losses and residue additions 
had occurred. The magnitude of loss would te negligible except for 4910, 

^Spare unit 


1 Three trays were used and one was kept in the chamber as a 

spare. 
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One could postulate that both evaporative 
losses and residue additions had occurred. The 
magnitude of loss would be negligible except for 
4910. This should produce an error well above the 
resolution of the BMMD (body mass measuring 
device) for analytical studies; hence, bias them and 
if such a loss continued for two flights, it would 
produce a detectable and variable bias in the body 
weights. 

Summary 

The Skylab specimen mass measurement device 
was operated throughout the SMEAT test in close 
simulation of the 56-day Skylab mission. It per- 
formed operational specimen measurements well until 
it was passed out of the chamber for replacement of 
the specimen hold-down and was autoclaved prior to 
return. Performance after this is not considered 
representative. 

Fecal measurements were typically made with 
less than one percent error with small samples 
occasionally exceeding this. No food residue was 
available, but simulations were made. By using a 
mylar bag for containment and paper wipes to 


entrap liquids, measurements of less than 2 percent 
are routine. 

Present Skylab procedures are adequate for 
calibration, but the specimen mass determinations 
should be reduced to three readings without tem- 
perature. Careful documentation of number of 
wipes, etc., will be required to maintain overall 
accuracy. 

This SMMD performed well as regards to sta- 
bility and period resolution. It has a large (for 
rigorous analysis) temperature coefficient and this, 
coupled with a faulty temperature measurement, 
requires an independent temperature determination 
during calibration. 

This temperature problem and a very heavy 
specimen tray limits its utility as an investigative 
tool. With larger calibration masses it has reason- 
ably good accuracy, on the order of .05 percent. 
Maximum resolution is on the order of 50 mg at 
small masses. Stability for ten-day periods was on 
the order of 175 mg. 
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(pravitational loading and countergravitational 
muscular effort are thought to play an important part 
in maintaining skeletal strength. Loss of minerals 
from the bones is a consistent finding in studies using 
various analogs of weightlessness, including bedrest, 
water immersion, and immobilization (Mack et ah, 
l%7; Mack & Vogt, 1971; Vogel & Friedman, 1972). 

Space flight findings concerning bone mineral loss 
have been variable. Bone mineral loss has been seen in 
some astronauts and not in others, using both the 
bone densitometric X-ray technique and the more 
precise gamma-ray absorptiometry method. Bone 
mineral losses have also varied from site to site in the 
body, being more evident in the lower extremities, 
especially in the os calcis (Hulley et al., 1972). If 
these losses are indeed a consequence of weightless 
space flight, the issue of whether they are self-limiting 
or continue unabated over time becomes of 
paramount importance. 

The Sky lab Bone Mineral Measurement 
Experiment (M078) has been designed to clarify the 
issue of bone mineral loss associated with prolonged 
periods of residence in the zero gravity environment. 
There are. however, other variables in the space flight 
environment which could perhaps mediate hone 


mineral losses. The SMEAT Program afforded the 
opportunity to isolate these variables, notably the 
Skylab atmospheric/pressure environment, from the 
weightlessness variable. While these two factors rnav 
not have played a demonstrable role relative to bone 
mineral loss in the shorter Apollo missions, they 
could conceivably be more significant factors in the 
28- and 56-day Skylab missions. 

A group of control subjects was also studied in 
conjunction with the SMEAT bone mineral measure- 
ment experiment. These individuals were included so 
that the effects of confinement and cabin environ- 
ment, if any, could be calculated. W ith this design, it 
was expected that the effects of weightlessness could 
be isolated from other factors which might be opera- 
tive in bone mineral loss, and that the magnitude of 
each of the factors involved could be assessed. 

The immediate objective of the SMEAT bone 
mineral measurement experiment was to determine 
by comparison of pretest and posttest measurements 
what effect, if any, 56 days of residence in a 
Sky lab-type environment might have on the mineral 
content of the left os calcis (heel bone) and the right 
radius and ulna (forearm) of the three SMEAT 
crewmen and five controls. 
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Equipment 

Bom* mineral measurements were made 
employing the gamma-ray absorption technique, 
using a rectilinear scanner fitted with a gamma-ray 
sourer amt a scintillation detector mounted opposite 
each other. With this method, (hr heel bom*, or any 
limb being ixiiniinol, is plamt on a stationary 
platform between tin* photon Miuree and tin* 
detector. Tin* detector and source an designed to 
move sy in lirononsly in order to measure ill** beam 
attenuation caused by tin hour positioned between 
(Inin: tin* higher tin’ count rale, tin* lower lilt* 

iiiitnTal roil (rut. 

Bone Mineral Measurement Device Description 

'I'lie hone mineral measurement mill is depicted 
diagranmialically in Figure O-la ami 9 lb. It consists 


Scintillation 
Dat actor 



principally of a Manning yoke, which holds the 
collimated photon source ami a collimated detector: 
an apparatus for moving the yoke; and devices ior 
positioning the limb to he scanned. I In* photon 
source is lOOniFi of 1 “M; the detector is a thin 
(.'{ mm) sodium iodide crystal (NAI-lh) coupled to a 
photomultiplier tube; both source and detector are 
collimated to mm. Since is a low energy 

source, the thin crystal eliminates noise and high 
energy background. 

The d< •vice can operate in two configurations, one 
lor heel scanning (Figure 9-2) and one lor arm 
Manning (Figure *11). Scanning is accomplished by 
movement ol the yoke in two separate u\es. the 
\-a\is and the y-a\is. The conversion ol tin* scanner 
from one eonliguration to the other requires a 
90° rotation of the frame with respect to tin* base 
and a 90° rotation of the yoke with respect to its 
mounting stud. 




(M 


n 



lb) Scanner Disassembled 


Figure 9-1. Scanner. 


Figure 9*2. Heel scanning configuration. 

PoMtioninp, I wo interchangeable tables, which 
mount on a common holder that slides on the scanner 
base, position the limb lor scanning and hold it 
stable. The base is locked into position by 
thumbscrews. 

Si'anner Control, The stepper motors are 
accurately controlled by a miniaturized, digital 
scanner control instrument. I he si'anner control 
module weighs seven pounds (3.2 kg) and is housed in 
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an instrument inn with the data collection 
electronics. 


Data Reduction 

Data on punched paper tape wa> ted into a 
computer lor calculation. Hone mineral content 
(BMC) is calculated Irotn I Im- formula 


HML 


k Si 



where K is the attciniation coefficient, I () * ih** 
average count rale through soft tissue, and lj the 
count rate through hone. The program determines the 
hone edges and width and calculates l Q * to minimize 
the effects of fat (Vogel. 1071). For the heel, l Q * is 
determined on the lean side only. The reported B\K, 
is the average over nine row > in the central os caleis 
and seven rows of the distal radius and ulna. 



The motion of the yoke along the \-a\is is 
controlled hv a quartz crystal oscillator and digital 
frequency synthesizer. 

The yoke is driven on both axes hv means ol 
precision stepping motors. Each stepping impulse 
turns the motor througli 1.8° of arc, or 200 steps per 
revolution. A microswiteh on each axis determines an 
exact reference point for repositioning. 

Data Collection Electronics 

The signals from the photomultiplier are 
amplified bv a linear amplifier and the photo peak 
pulses are selected bv a single channel analyzer These 
pulses are counted for an interval set by the scanner 
control and then punched on paper tape for 
subsequent processing bv a computer. A linear 
ratemeter monitors the count-rate in real time. 

Calibration 

Standards were scanned before and after each 
subject to calibrate the entire system. The Cameron 
Standard used consists of a block ot plastic 
containing three chambers filled with dipotassium 
hydrogen phosphate to stimulate bone? mineral 
attenuation (W itt et aL 1070). A hvdroxv apetile step 
wed we was scanned weekly to calibrate t hr Cameron 
Standard in terms of hydroxyapetite attenuation 
(Heuck & Schmidt, 1000). 


The scan procedure was essentially the >ame as 
used on Apollo 14, 1.1, ami 16 (Vogel, 1071). 
Simultaneous scans were made of the left os caleis 
and right forearm ol each subject beginning 44 days 
pretest and ending 20 days posttcsl. Be lore the lirst 
measurement, an impression wa^ made ol each 
subject s foot and a plastic mold fashioned from this 
impression. 

During scanning ol the os caleis, the heel rested in 
the foot mold which wa^ mounted in a plastic box 
filled with water, as show n in Figure 0-2, to provide a 
constant tissue equivalent path. 

During arm scanning, the arm lay horizontally 
between two plastic vertical uprights on the arm 
tabletop, as pictured in Figure 9-3. A peg in a 
movable hand rest was positioned to hold the arm 
with the ulnar styloid opposite a reference in the 
upright. A constant path length tissue equivalent was 
obtained in this case by surrounding the arm with 
Superstuff* covered with a thin plexiglass sheet (see 
Figure 9-3). Sixteen parallel rows** (3 mm apart) 
were scanned. 


*WHAM-0 Corporation, San Gabriel, California. 

** A traverse by the x-axis ram constitutes a roic during 
which data are collected. A second movement, by the 
y-axis unit, in between rows constitutes an increment, 
during which no data are collected. 
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Tile initial heel positioning w a- determined in 
prescan X-rays. Final posit ioiiint; is provided Loth by 
t lit* heel mold and by matching a fu rl profile made by 
plot t in«£ licet width versus location. \ con lour display 
(Fi^iin* *)-!■) of each sc an could lie compared with the 
Vruy to verity positioning. 



Figure 9-1. (iamma rj\ contour display of font. 

Results /Controls 

Table 1 shows tin* percentage change from 
baseline bone mineral measurements for the* heed 
hone ol the crew and controls. These data arc* show n 
graphic ally in Figure 0-.". Only one crewmember, the 


SMEAT commander, showed a loss of bone minerals 
posttest which could indicate a statistic ally significant 
trend. The commander s loss ol d. I percent of bone 
minerals below his baseline measurement on the first 
day alter the lest may indicate* some os calc is mineral 
loss. It should be noted, however, that the loss is of 
borderline significance. The science pilot also had 
negative percentages of bone mineral after the- lest, 
particularly on day 2, but, since his preflight base line 
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Figure 9-.Y (’hangrs from baseline bone* mineral 
measurements in heel bone of SMEAT crew and rontrolv 


Table 9*1 

Percent Change From Mean Hasclinc Hone* Mineral Measurements 



Crew 

Controls 

CDR 

SPT 

PLT 


C2 

C3 

C4 

C5 

T -44 

+ 10 

-0 6 

+0.2 

- 

-12 

-1.8 

-0.9 

- 

T - 20 

—0.7 

-2.9 

-2 0 

+0.5 

-0.9 

+0 2 

- 

-1.5 

T - 9 

-0.4 

+ 1.6 

+ 1.2 


+3.5 

+0.2 

-0.5 

+ 1.4 

T - 1 

+0.1 

+ 19 

+0.6 

-0.2 

-1.5 

+ 13 

+ 1.3 

0.0 

R + 0 

-3.1 

-to 

-04 

- 

+0 5 

- 

- 

- 

R + 1 

- 

- 

- 

+0.3 

- 

-0 3 

+ 1.3 

-2.1 

R + 2 

-2.7 

-3.4 

-0.2 

- 

+ 1.2 

- 

- 

-2.5 

R + 16 

- 

- 

- 

+ 1.5 

- 

- 

- 

- 

R + 20 

+3.1 

+5.4 

+3.6 

- 

+8.7 

- 

- 

- 
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also tended to run in the negative direction, this 
apparent post flight loss cannot hr considered 
significant. The apparent inrrrasr in hour mineral 
content on 10/10/72 indicated in Figure 0-, r > must hr 
attributed to instrumental variation sinrr hotli 
controls and crews showed substantially higher levels 
at the time of this measurement. 

Permit deviation from baseline lor the r j oh ( 
radius shows no significant variation in either crew or 
eontrois. The posttest ulnar measurements, however, 
show a substantial im Tease in hone mineral 
measurement for the sriener pilot. No change was 
evidenced in the remainder of the crew or controls. 
While ulna measurements typically show a larger 
variance from baseline than do radius measurements, 
tin* gain show n by the science pilot in this experiment 
indicates a true significant change. These results arc 
shown in Tahir U-2. 


Kquipment Problems 

The equipment problems ami procedure- noted 
during the SMK.AT bone mineral experiment lor the 
most part have been re>ol\ed. I lie SMI. A I lest led |o 
various refinements in equipment and systems. A 
drill in calibration was reetiiird by tin use ol a 
precision high voltage power supply in lieu ol the 
previously employed battery powered system. 
Mechanical problems with the scanner have been 
resolved by replacing the drive mechanism. ( I lie 
cause for the apparent R 4 20 increase in hone 
mineral content, seen in crew and controls alike, and 
connected with instrument electronics problems is 
being investigated so as to prevent its recurrence.) 


*Twrnty days after recovery 


Table 9 2 

Right Ulna Mineral Measurements 
(Mean gin/ern) 



Crew 

Controls 

CDR 

SPT 1 

PLT 

Cl 

C2 

C3 

C4 

C5 

H 

1 

0.554 

0.699 

0.846 

- 

0.658 

0.650 

0 563 

- 

T - 20 

0 558 

0.705 

0.812 

0 760 

0.665 

0.671 

- 

0.565 

T - 9 

0.587 

0.674 

0.835 

0 762 

0.638 

0.674 

0.568 

0. 77 

T - 1 

0 567 

0.710 

0.839 

0.772 

0.651 

0.659 

0.573 

0. 67 

Baseline Av 

0.566 

0.697 

0.833 

0 765 

0.653 

0.663 

0 568 

0. 70 


±0 015 

±0016 

±0 015 

±0.007 

±0.011 

±0.011 

±0 005 

±0.007 

T + 41 

_ 

_ 

— 

0 795 

0.635 

- 

- 

- 

R - 1 

- 

- 

- 

0.778 

- 

0.664 

0.563 

- 

R + 0 

0.581 

0.728 

0.840 

- 

0.664 

- 

- 

- 

R + 1 

~ 

- 

- 

0.771 

- 

0 685 

0 578 

0.564 

R + 2 

0 585 

0.770 

0.841 

- 

0.666 

- 

- 

0.573 

R + 16 

- 

- 

- 

0.775 

- 

- 

- 

- 

R + 20 

0.552 

0 740 

0 840 

- 

0.651 

- 

- 

- 

SMEAT Av 




0.773 

0.653 

0.667 

0.569 

0.569 





±0.012 

±0.012 

±0.012 

±0.007 

! ±0.006 
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Conclusions 

The SMI, AT hour mineral measurement test 
revealed lew deviations from baseline bone mineral 
meaMiremenl> after 3b days in a Sky lab-type 
environment. No mineral change was observed in the 
right radius. One individual, however, showed a 
possible mineral loss in the lelt os ealeis and another 
gained mineral in the right ulna. The eause of the gain 
is unelear hut may be attributable to the heavy 
exereise routines engaged in by the ere w member in 
question. Equipment problems were identified during 
tlie SIN IF, AT experiment and reetified. These results 
have formed the basis lor >ignifieanth improved 
s\ stems lor the Sk\ lab bone mineral measurement 
experiment. 
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Metabolic measurement during American space 
flights has been limited to determining the tula! 
production of carbon dioxide by analysis of the 
amount of lithium carbonate formed by the reaction 
of carbon dioxide with lithium hydroxide in the 
carbon dioxide removal canisters carried onboard. 
This method, although valuable in determining the 
average heat production rate for crewmen during 
space flight, does not provide insight into transitory 
(peak) energy expenditures that are associated with 
performance of work in space. 

During the Sky lah missions, the first attempts arc 
being made to study metabolic activity in a con- 
trolled way. A bicycle ergometer and equipment for 
measuring respiratory and cardiac function have been 
included onboard. Crewmembers can thus obtain on- 
going readings of their metabolic effectiveness in 
doing mechanical work as a mission progresses. 

The Sky lab metabolic activity experiment, 
Experiment M 1 7 1 , was included in the SWEAT test 
to determine if man s metabolic effectiveness in doing 
mechanical work is progressively altered by a simu- 
lated Skylab environment, including environmental 
factors such as slightly increased pCt^ The data 
obtained is intended to serve as baseline information 
against which to compare inflight results. A second 
purpose of the experiment was to evaluate the bicycle 
ergometer for crew personal exercise. The SWEAT 
version of the Skylab metabolic activity experiment 


also provided an opportunity to test crew procedure.* 
and data handling procedures. 

It should be noted at the outset that eertain hard- 
ware anomalies oeeurred during this exercise. The 
physiological data collected should, therefore, be 
viewed in the context o! these anomalies. Special 
tests and procedures to resolve the problems are 
discussed in the follow ing sections. 

Equipment and Methods 

The experiment hardware consisted of a meta- 
bolic analyzer, an ergometer, and ancillary equipment 
to measure heart rate, blood pressure, and body 
temperature. 

The metabolic analyzer utilizes a mass spectrome- 
ter to determine the partial pressures of oxygen, 
nitrogen, carbon dioxide, and water in the inspired 
and expired gases. Kollittg-seal, dry spirometers are 
used to measure separately inspired and expired breath 
volume. From these inputs, an analog computer derives 
minute volume, carbon dioxide consumption, carbon 
dioxide production, and respiratory exchange ratio 
each minute. These data may be computed using both 
inspired and expired volume measurements (Mode I), 
or using an inspired volume computed from the expired 
volume and the inspired and expired nitrogen measure- 
ments (Mode 2). The latter mode, which is the prime 
mode for Skylab, was used during the SWEAT test. 


The authors gratefully acknowledge the contributions of Dr. G. K. Sawin, J M. Waligora, D. J llorrigan, H. E. Meyer, 
II. S. Sharma, Dr. A. P. Schachter, D. G. Mauldin, and J. D. Lem. 
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Heart rate was computed based on the time 
required lor live EC(i it-waves and was displayed 
eaeh five beats. An automatie blood pressure 
measurement system performed an inflate/bleed- 
down cycle each minute and displayed systolic and 
diastolic pressures each minute based on Korotkoff 
sounds. Body temperature measurement was made 
with an oral thermistor Indore eaeh lest run. 

Metabolic Analyzer 

The metabolic analyzer, used in SMFAT, was a 
design verification test unit ( I ) V 1 L ) that differed 
from the flight unit only in the following minor 
details: 

L The seals on the spirometer dump valves were 
not flight- type. 

2. The mass spectrometer status-light power 
supply was not flight-type. 

3. A breakout cable had been attached to the 
metabolic analyzer analog computer to permit 
evaluation of various stages ol computation. 
Figure 1 0-1 illustrates the metabolic analyzer. 

Ergometer 

The bicycle ergometer is an electrically braked 
exercise device that can be operated in either of three 
inodes: set work, set heart rate, or sequenced heart 
rale steps. All M 1 7 1 tests utilized the set work mode. 
The loading of the ergometer is independent of the 
pedaling rate between 30 to 80 cycles/ minute. 

The SMFAT ergometer was a I light trainer unit. 
Figure 10-2 shows a subject engaged in a metabolic 
test on a similar ergometer. The primary design 
difference between it and ilight units was the 
orientation of the brush ring. In the SMFAT unit, the 
brush ring “fingers pointed against the direction of 
the rotation of the armature, rather than with it. 

During the second day ol the SMFAT test, a load 
module failure occurred. A substitution was made for 
the defective load module, and the unit was reca- 
librated. Following repair, the original load module 
was returned to the chamber, but it failed again. 
Alter conclusion ol the SMFA I test, it was 
determined that the load module had a bearing that 
was defective due to improper installation. It is 


presumed that the bearing caused the "growling" 
noise and torque sensor failures that occurred each 
time the ergometer failed. 



Figure 1 0-1. The metabolic analyzer. 



Figure 1 0-2. A subject on the ergometer. 
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Testing 

The preparatory phase of each test included 
adjustment and calibration ol the metabolic analyzer, 
checking electrode isolation, body temperature 
measurement, and vital capacity measurements. 

The test profile was as follows: The event time 
was set to 26 minutes. The timer was a digital clock 
that counted down from 26:00 to 0. The subject 
began breathing on the mouthpiece while remaining 
at rest, relaxing until the twenty-minute mark, at 
which time he !>egan pedaling at 50 to BOrprn. The 
first work level (approximately 25 percent ol the 
subject s predetermined maximum aerobic capacity) 
was sc t for five minutes at 50 watts for the CDR, 
l(M) walls for the SPT, and 60 watts for the PIT. At 
the fifteen-minute mark, the work level was increased 
to 50 percent of maximum (100 watts for the CDR, 
100 watts for the SPT, and 120 watts for the PLT). 
At the ten-minute mark, the work level was further 
increased to 75 percent of maximum (150 watts for 
the CDR, 260 watts for the SPT, and I B0 watts lor 
the PLT). At the five-minute mark, the subject ceased 
pedaling and began a five-minute recovery period. 

Metabolic data were voice recorded at 21, 16, 15, 
II, 10, 6, 5, and 0 minutes. Carbon dioxide 

produced, oxygen consumed, respiratory exchange 
ratio, minute volume, heart rate, and blood pressure 
were recorded each time. 

Procedural Variations 

The pretest protocol was the same as that used 
during in-chamber testing. This protocol was run in 
the laboratory in February, March, and April 1072, 
using DVTL #2. It was repeated in the SMEA1 
chamber at 14.7 psia prior to the lest in July 1072. 
During the pre-SVIEAT testing at 14.7 psia in the 
chamber, two tests were found unacceptable due to 
an erroneous ergometer calibration. The data from 
these tests were eliminated from statistical considera- 
tion of baseline data. 

The post lest protocol was performed in the 
chamber at 14.7 psia on each subject following 
termination of the altitude test using the same 
protocol previously described for the experiments at 
5 psia. The test performed in the laboratory on the 


following day (R* I) used Dougla> bags in lieu ol the 
metabolic analyzer. 

Data Handling 

Test data were recorded by three methods 
(I) Voice recorded in Building 46, where medical 
experiments were monitored and data review took 
place: (2) Voice recorded at the test console in 
Building 7, the building housing the SVIlvVI 

chamber: and (4) Telemetered onto magnetic tape. 

Manually recorded voice data were liled in the 
Johnson Space Center - * Environmental Physiology 
Laboratory. Magnetic tapes were processed and 
summarized on I6inm microfilm rolls. Minute-by- 
minute data extracted from hard copies oi the 
microfilm were entered into a PDP-12 digital 
computer for editing, plotting, and statistical treat- 
ment. The same data handling methods wen* used lor 
prechamher, in-chamber, and postehamher periods. 

Population t-statistic* were applied to the data 
and the results formed the basis of the conclusions 
reached in this report. 

Results 

Environmental Parameter Data 

'table 10-1 summarizes the pertinent environ- 
mental conditions monitored during the M 1 7 I experi- 
ment runs for the pretest, test, and posttest periods. 
All parameters were within expected limits, and no 
significant changes occurred during the experiment 
runs. (The average ambient carbon dioxide level during 
the lest period was 4.8 torr). 

Although the test times for each subject were 
standardized during the SMKAT period (CDR-IKK), 
SPT- 1 700, PLT- 1 430), no attempt was made to 
assure this same temporal relationship during pre- 
chamber or postchamber test periods. An attempt 
will be made to control this factor more precisely 
during Skylab to eliminate any variability in exercise 
response that might be caused by circadian variations. 

Physiological Data 

Vital Capacity. Because of spirometer triggering 
problems and possible respiratory valve leaks, vital 
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ra[>at;i !y measurements < a x liitii Ird more variability 
than anticipated. Table 10-2 summarizes the data for 
eaeh crewman during the various test periods. Data 
obtained in the Lardiopulrnonary Laboratory 
Jolmson Spare ('enter, lor these subjects and data 
collected hv the SP'I in the ehamher utilizing a 
vitalometer are inetuded. As ran Ik* observed, the 
baseline data collected in-chamber agree with data 
collected over several years in the Cardiopulmonary 
Laboratory . The erroneous spirometer triggering or 
leakage of the respiratory valves in-chamber resulted 
in low vital capacity measurements. The vitalometer 
data also appear low. but they are higher than the 
metabolic analyzer values. These data indicate an 
unaeeeptable degree ol variation in this variable, ami 
it will be deleted as a mjuired inflight measurement. 


Table 10 2 
\ ital ( Capacity 



C/P 

Data 

Base- 

line 

In-Test (5.0 psia) 

Posttest 




MA 

V 

MA 

C/P 

X 

5.768 

5,726 

5.298 

5.418 

- 

5.780 

CDR S O. 

0.04 

0.11 

0.15 

0.15 

- 

- 

N 

5 

5 

11 

4 


1 

X 

6.282 

6.250 

5.702 

6.100 

6.170 

6.192 

SPT S.D. 

0.07 

0.23 

0.42 

0.05 

- 

- 

N 

4 

4 

10 

4 

1 

1 

X 

6.140 

6.084 

5.785 

5.841 

5.795 

6.295 

PLT S.D. 

0.14 

0.22 

0.28 

0.09 

- 

- 

N 

4 

4 

9 

4 

1 

1 


Rody Temperature. Table 10-5 shows pre- and 
postexercise oral temperatures lor tin* three crewmen, 
Because there were no significant differences between 
the pre- and postexercisrvalues.il was recommended 
that the postcxercise oral temperature be eliminated 
as a required measurement. The mean preexercise 
temperatures appeared low, probably as a result of 
slow probe response time and lack of a definite 
measurement interval requirement lor all tests. A 
three-minute measurement period should be suf- 
ficient to obtain a true reading. The original intent ol 
this measurement was to identify any abnormal 
thermal state of the subject before or following a run. 


Meat storage was expected due to the high thermal 
environment anticipated during mine orbital condi- 
tions. Since this is no longer a concern, body 
temperature measurement will be used only to screen 
lh<“ subject for lever. 


Table 10 d 
Body Temperature 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

97.9 

460 

8 

0.0 

N.S. 

Posttest 

97.9 

.661 

8 



SPT 

Pretest 

97 3 

.255 

7 

0.433 

N.S. 

Posttest 

97.4 

.554 

7 



PLT 

Pretest 

98 1 

.28 

8 

3 325 

P>0.01 

Posttest 

97.3 

.58 

7 




N.S. — Non-signif leant (p > 0.05) 


Resting and Recovery Heart Rate. Table |0-4 
represents the resting and recovery heart rates (two 
minutes alter the termination of exercise) for the 
three crewmen during the pretest and test periods. As 
can he seen from these data, there were no significant 
differences (p .05). Neither were there trends in the 
values during the test period. 

Table 10 4 



II 

cart Rat 

e (Hr, 

st/Rer<)V< 

TV) 






X 

S.D. 

N 

t 

P 

CDR 

Rest 

Pretest 

Test 

61.5 

62.1 

8.312 

4.408 

6 

10 

.1636 

N.S. 

Recovery 

Pretest 

Test 

87.0 

71.5 

13.880 

7.501 

4 

10 

2.113 

N.S. 


Rest 

Pretest 

59.2 

6.648 

5 

1.596 

N.S. 

SPT 

Test 

54.3 

2.540 

11 



Recovery 

Pretest 

Test 

87.0 

79.8 

4.966 

9.724 

4 

11 

1.874 

N.S. 


Rest 

Recovery 

Pretest 

76.8 

11.548 

6 

.550 

N.S. 

PLT 

Test 

Pretest 

Test 

74.1 

84.3 
j 84 5 

4.306 

7.023 

13.794 

10 

3 

10 

.033 

N.S. 


N.S. - Non significant (p> 0.05) 
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Resting and Recovery Blood Pressure. Table 10-5 
summarizes the pretest and test systolic and diastolic 
blood pressure data during rest and recovery’ periods. 
The t-values indicate no significant differences. It 
should be emphasized that the variability of this 
measurement exceeds that previously observed during 
exercise studies, although some editing of obviously 
erroneous values was done. It is felt that a consider- 
able improvement in these data could be realized if 
crewmen removed their hands from the ergometer 
handlebars during each blood pressure measurement 
period. 

Table 10-3 


Systolic Blood Pressure (Rest/ Recovery) 





X 

SO. 

N 

t 

P 


Rest 

Pretest 

112.4 

5.54 

5 

0.000 

N.S. 

CDR 

Test 

112.4 

7.160 

11 



Recovery 

Pretest 

142.5 

16.36 

4 

o.3oe 

N.S. 


Test 

145.1 

6.911 

11 




Rest 

Pretest 

101.7 

10.657 

4 

0.760 

N.S. 

SPT 

Test 

106.0 

6.261 

11 



Recovery 

Pretest 

155.0 

22.73 

4 

0.846 

N.S. 


Test 

165.3 

14.4 

11 




Rest 

Pretest 

108.8 

8.18 

6 

1.779 

N.S. 

PLT 

Test 

117.7 

12.345 

11 




Pretest 

146.0 

7.07 

2 

1.942 

N.S. 


Recovery 

Test 

159 9 

169.73 

11 




Diastolic Blood Pressure (Rest/ Recovery) 




X 

S.D. 

N 

T 

P 


Pretest 

73.3 

7.09 

5 

0.503 

N.S. 


Rest _ # 

Test 

71.5 

6.77 

11 



CDR 

Pretest 

71.5 

11.09 

4 

0.034 

N.S. 


Recovery _ 

Test 

71.3 

6.42 

11 




Pretest 

71.7 

2.50 

4 

0.477 

N.S. 


Rest A 

Test 

72.8 

6.41 

11 



SPT 

Pretest 

72.5 

6.40 

4 

0.540 

N.S. 


ReCOVerV Twt 

74.5 

6.17 

11 




Pretest 

75.0 

4.14 

6 

0.583 

N.S. 


Rest 

Test 

77.8 

14.91 

1 1 



PLT 

Pretest 

81.6 

8.14 

3 

0.246 

N.S. 


Recovery _ 

Test 

80.3 

801 

11 




N.S. - Non significant (p> 0 05) 


Resting Gas Exchange. Table 10-6 represents the 
summary of the oxygen consumption data obtained 


during rest lor the pretest and test periods. None of 
the crewmen had differences significant at the 
p 0.05 level of confidence. 


Table 10-6 

Oxygen Consumption (Rest) 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

.293 

.039 

6 

0.620 

N.S. 

Test 

.276 

.074 

11 



SPT 

Pretest 

.331 

.032 

5 

0.599 

N.S. 

Test 

.316 

.018 

11 



PLT 

Pretest 

.295 

.022 

6 

1.928 

N.S. 

Test 

.247 

.077 

11 




N.S - Non-significant (p> 0.05) 


Table 10-7 summarizes the resting carbon dioxide 
production data during the pretest and test periods. 
There were no significant changes observed during 
any of the periods. However, because of the dif- 
ficulties and errors observed in carbon dioxide 
measurement, these data have a low confidence level. 


Table 10 7 

Carbon Dioxide Production (Rest) 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

0.224 

0.024 

3 

-0.589 

N.S. 

Test 

0.238 

0.064 

11 



SPT 

Pretest 

0.267 

0.001 

2 

-0.146 

N.S. 

Test 

0.270 

0.068 

11 



PLT 

Pretest 

0.269 

0.028 

3 

1.872 

N.S. 

Test 

0.224 

0.059 

11 




N.S. — Non-significant |p> 0.05) 


Table 10-8 summarizes the resting respiratory 
exchange ratio CO 2^0 2 ) during the pretext and 
test periods. Although there were no significant 
changes, the measurement is suspect because of the 
Vco 2 problems noted. 

Table 10-9 summarizes the resting min ute volume 
data during the pretest and test periods. Although all 
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crewmen exhibited slightly lower values during the 
lest period, none of these changes was significant at 
the p <7 0.05 level of confidence. 


Table 10 H 



Respirator) 1 

Kxchan 

£<• Hal 

io (R< 

*st) 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

.835 

.042 

6 

0.996 

N.S. 

Test 

.868 

.094 

11 



SPT 

Pretest 

.877 

.070 

5 

0.136 

N.S. 

Test 

869 

.164 

11 



PLT 

Pretest 

.933 

.091 

6 

0.189 

N.S. 

Test 

.923 

.124 

11 




N.S. - Non-signif icant {p>0.05) 


Table 10-9 

Minute Volume (\y ) (Rest) 











X 

S.D. 

N 

t 

P 

CDR 

Pretest 

8.3 

1.47 

5 

1.646 

N.S. 

Test 

6.9 

1.79 

11 



SPT 

Pretest 

12.3 

.77 

5 

1.550 

N.S. 

Test 

10.4 

3.9 

11 



PLT 

Pretest 

10.7 

1.83 

6 

1 957 

N.S. 

Test 

9.0 

1.47 

11 




N.S — Non significant (p >0.05) 


Exercise Data 

Heart Rate. Table 10-10 summarizes the heart 
rate response for all crewmen at each exercise level 
during the pretest and test periods. Although the 
CDR exhibited a statistically significant increase 
during level 3, this was only an average of four 
heats/minute and is not considered physiologically 
significant. The SPT did not exhibit any significant 
changes. The PLT exhibited a significantly increased 
heart rate in-chamber for the first two exercise levels. 
The higher heart rate levels were noted during the 
first chamber test and declined toward baseline levels 
by the fourth test. 




X 

S.D. 

N 

t 

P 


Level 1 





• 


Pretest 

80.4 

8.3 

11 

0.15 

N.S. 


Test 

80.0 

3.1 

29 



CDR 

Level 2 







Pretest 

102.9 

10.2 

10 

1.13 

N.S. 


Test 

99 2 

2.8 

28 




Level 3 







Pretest 

121.2 

3.7 

7 

— 2.73 

N.S. 


Test 

125.5 

3.9 

29 




Level 1 







Pretest 

89.7 

4.4 

14 

0.0 

N.S. 


Test 

89.7 

3.8 

33 



SPT 

Level 2 







Pretest 

116.4 

5.9 

15 

0.95 

N.S. 


Test 

114.7 

5.3 

33 




Level 3 







Pretest 

138.9 

6.1 

13 

0.79 

N.S. 


Test 

137.4 

4.7 

33 




Level 1 







Pretest 

89.9 

3.8 

12 

-3.47 

P<0.01 


Test 

94.7 

5.0 

32 



PLT 

Level 2 







Pretest 

113.9 

7.1 

15 

-2.57 

p<0.02 


Test 

120.1 

8.8 

32 




Level 3 







Pretest 

141.5 

3.0 

13 

-1.29 

N.S. 


Test 

143.8 

8.7 

32 




N.S. - Non-significant (pj>0.05) 


Blood Pressure. Table 10-11 summarizes the 
systolic blood pressure during exercise for the pretest 
and test periods. Significant increases in indicated 
blood pressure were observed for the SPT during all 
levels of exercise during the test period. The PLT 
showed an increase in systolic blood pressure at 
levels 1 and 2 of exercise during the test period. 
These data are difficult to explain and may indicate a 
technical problem with the measurement. One 
suggested explanation is that the blood pressure cuff 
bleed rate at 14.7 psia, which is faster than at 
5.0 psia, resulted in lower blood pressure values at 
14.7 psia than at 5.0 psia. This could occur because 
the electronic logic lor the blood pressure measure- 
ment system permits a rapid cuff bleed down from 
maximum cuff inflation until tin* first Korotkoff 
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sound is ddcdnl. The bleed-down rale, or pressure 
ramp, is slower Irom systolic blood pressure until 
diastolic blood pressure is determined. 

Table 10 I I 


Systolic Blood Pressure (Exercise) 



X 

S.D. 

N 

t 

P 

Level 1 






PretBst 

121.4 

13.1 

11 



Test 

128.5 

7.4 

26 

-1.6873 

N.S. 

CDR Level 2 






Pretest 

153.0 

12.1 

13 



Test 

145.6 

8.9 

23 

1.9297 

N.S. 

Level 3 






Pretest 

172.0 

10.5 

13 



Test 

172.2 

13.2 

32 

-0.0536 

N.S. 

Level 1 






Pretest 

126.1 

5.7 

11 



Test 

135.1 

12.1 

31 

-3.2483 

p<0.01 

SPT Level 2 






Pretest 

154.3 

6.0 

9 



Test 

162.3 

13.8 

33 

-2.5593 

p<0.02 

Level 3 






Pretest 

166.3 

94 

9 



Test 

185.3 

7 6 

33 

-5.5863 

PCO.001 

1 

Level 1 






Pretest 

129.0 

9.5 

15 



Test 

147.3 

16.9 

24 

-4.3233 

pCO.OOl 

PLT Level 2 






Pretest 

152.0 

7.2 

15 



Test 

165,6 

9.9 

27 

-5.1090 

pCO.001 

Level 3 






Pretest 

198.1 

14 2 

13 



Test 

191.3 

3.8 

33 

1.7026 

N.S. 


N.S. - Non-significant (p>0 05) 


Table 10-12 summarizes the diastolic blood 
pressure data for the same periods. Significant 
decreases were observed for the SET during level 2 
and during levels I and 2 for the CDR. I hese change's 
are of a small absolute magnitude and, in view of 
their somewhat random occurrence, are probably 
related to the technical variability of this measure- 
ment. 

Gas Exchange. 

1. Oxygen Consumption. Table 10-13 summa- 
rizes the oxygen consumption data for the pretest 


and test periods lor all crewmen. The I'Ll was the 
only subject who exhibited a significant change 
during the lest (decrease) from the pretest period. A 
possible explanation for this was his lark of iamil* 
iarity with the ergometer prior to the SMI, AT lest 
period. These differences were numerically small and 
represent a slight increase in mechanical efficiency. 


Table 10- 12 

Diastolic Blood Pressure (Exercise) 









X 

S.D. 

N 

t 

P 

Level 1 






Pretest 

73.2 

10.8 

14 



Test 

66.7 

5.8 

32 

2.1220 

p<0.05 

CDR Level 2 ’ 






Pretest 

B0.8 

10,8 

15 



Test 
Level 3 

68.1 

5.9 

31 

4.2573 

pCO.OOI 

Pretest 

75.3 

10.9 

13 



Test 

71.8 

4.4 

32 

1.1212 

N.S. 

Level 1 






Pretest 

67.2 

3.5 

12 



Test 

65.8 

6.3 

33 

0.9389 

N.S. 

SPT Level 2 






Pretest 

72.7 

4.7 

11 



Test 
Level 3 

68.0 

6.3 

33 

2.6229 

p<0.02 

Pretest 

68.2 

7.3 

11 



Test 

65.1 

7,1 

33 

1.2281 

N.S. 

Level 1 






Pretest 

67.2 

5.2 

16 



Test 

69.7 

7.7 

33 

1 .3389 

N.S. 

PLT Level 2 






Pretest 

74.3 

6.0 

16 



Test 
Level 3 

76.1 

6.9 

33 

0.9901 

N.S. 

Pretest 

81.5 

6.2 

14 



Test 

78.3 

5.9 

33 

1.6414 

N.S, 


N.S. - Non-significant (p > 0.051 


2. Carbon Dioxide Production. Tabic 10-14 
summarizes die carbon dioxide production exercise 
data for the pretest and test periods. All these data 
were collected utilizing a metabolic analyzer. The 
data show a significantly higher output lor the CDR 
during the lest period. Since the baseline data were 
also collected with the metabolic analy zer, tin* lack ol 
a significant increase in carbon dioxide production in 
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the other two crewmen is misleading. Tin* baseline 
V^’o 2 collected using the metabolic analyzer 

were high relative to the Douglas bag data. In other 
words, all carbon dioxide production data obtained 
by use of the metabolic analyzer were erroneously 
high, but this was accentuated at 5 psia in the case of 
the CDR. 


Table 10 13 

Oxygen Consumption (Kxercise) 









X 

S.D. 

N 

t 

P 

Level 1 






Pretest 

.856 

.071 

12 

1.459 

N.S. 

Test 

.898 

.116 

33 



CDR Level 2 






Pretest 

1.409 

.071 

16 

0.0 

N.S. 

Test 
Level 3 

1.409 

.147 

33 



Pretest 

2.034 

.107 

16 

0.930 

N.S. 

Test 

2.000 

.143 

33 



Level 1 






Pretest 

1.414 

100 

14 

0.066 

N.S. 

Test 

1.416 

.077 

33 



SPT Level 2 






Pretest 

2.310 

.210 

14 

1.415 

N.S. 

Test 
Level 3 

2.223 

.144 

33 



Pretest 

3.177 

.303 

13 

0.198 

N.S. 

Test 

3.195 

.190 

32 



Level 1 






Pretest 

.949 

.059 

16 

2.893 

p<0.01 

Test 

.886 

.092 

33 



PLT Level 2 






Pretest 

1.540 

.095 

16 

2.356 

p<0.05 

Test 
Level 3 

1.463 

.127 

32 



Pretest 

2.247 

.157 

16 

3.824 

PC0.001 

Test 

2.080 

.110 

33 




N.S, - Non-significant (p> 0.05) 


The nature of the calibration sequence may 
explain the greater differential for the CDR. It is 
presently thought that the lack of sufficient warmup 
time, which results in an erroneously high gain setting 
for carbon dioxide, is a contributory factor. The 
carbon dioxide calibration problem is further 
complicated by the valving and plumbing associated 


with the ma*s spectrometer sample inlet system. 
There is a high probability that some cabin air is 
trapped within the sample lines and ibis air dilutes 
the eal gas flow, resulting in erroneously high carbon 
dioxide gain settings. Modifications presently being 
incorporated into the flight hardware should 
eliminate this problem. 


Table 10 14 

Carbon Dioxide Production (Kxercise) 









X 

S.D. 

N 

t 

P 

Level 1 






Pretest 

.726 

.057 

7 



Test 

.852 

.140 

33 

—3.8736 

pCO.001 

CDR Level 2 






Pretest 

1.376 

.032 

7 



Test 
Level 3 

1.478 

161 

33 

-3.3415 

PC0.01 

Pretest 

2.084 

.073 

7 



Test 

2.219 

.213 

33 

-2.9209 

p<0.0t 

Level 1 






Pretest 

1 404 

.084 

4 



Test 

1.316 

.122 

33 

1 .8698 

N.S. 

SPT Level 2 






Pretest 

2.430 

.251 

5 



Test 
Level 3 

2.350 

.184 

33 

0.6853 

N.S. 

Pretest 

3.665 

.308 

5 



Test 

3.65 

.501 

33 

0.0920 

N.S. 

Level 1 






Pretest 

.863 

.043 

7 



Test 

.856 

.099 

33 

0.2955 

N.S. 

PLT Level 2 






Pretest 

1.460 

.088 

7 



Test 
Level 3 

1.535 

.140 

33 

1.8189 

N.S 

Pretest 

2.272 

.074 

7 



Test 

2.290 

.156 

33 

0.4617 

N.S. 


N.S. - Nonsignificant tp>0.05) 


3. Respiratory Exchange Ratio . Because of the 
problems in carbon dioxide production determina- 
tion, the respiratory exchange ratio will not be 
evaluated since it reflects the same errors. However, 
the Douglas bag data collected during special tests at 
altitude confirmed normal RKR values during the lest 
period. 
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4. Minute Volume, fable 1 0-1) summarize.* 5 the 
minulr volutin* dala lor Oh* jirelcsl ami lest periods. 
Except for level I lor ihc EDK, statistically 
significant iiicrrasrs were ol)si*rvfil lor this variable. 
Simr ham! pump calibration data verified the 
accuracy ol the measurement under ambient condi- 
tions ami the Ihmglas hag data collected during the 
xpreial tests continued a normal minute volume, 
these slight increases an* attributed to the erroneous 
water reading by the mass spectrometer. Ibis 
parameter is led into tin* minute volume circuit to 
correct this signal to 0 ITS conditions and could 
account lor the magnitude ol dilleretiee observed. 




Table 10 

r> 




Minute \ ol 

[muc 

<Ia. 

rcisc) 




X 

S.D. 

N 

t 

P 


Level 1 
Pretest 

22.0 

2.7 

9 

-0521 

N.S. 


Test 

22.5 

1.9 

33 



CDR 

Level 2 
Pretest 

37.2 

2.2 

13 

3 13 

p<0.01 


Test 

35.0 

2.0 

33 




Level 3 
Pretest 

54.7 

4.1 

13 

3 08 

p<0.01 


Test 

50.8 

3 2 

33 




Level 1 
Pretest 

42.5 

3.1 

14 

-2 35 

p<0.05 


Test 

45.2 

4.5 

32 



SPT 

Level 2 
Pretest 

73.4 

63 

14 

-2.71 

p<0.02 


Test 

78.8 

6.0 

32 




Level 3 
Pretest 

117.3 

13.5 

14 

-4 03 

PC0.001 


Test 

133.0 

8.2 

32 




Level 1 



Pretest 

24 8 

1.5 

16 

-4 09 

PCO.001 


Test 

26.8 

1.8 

33 



PLT 

Level 2 
Pretest 

39.9 

2,6 

16 

-4 61 

PC0.001 


Test 

43.7 

2.9 

33 




Level 3 
Pretest 

59.1 

6.2 

16 

-3.22 

p<0.02 


Test 

64.6 

4.1 

33 



N.S. 

— Non-sigmf 

icant (p >0.05) 




Variable Pairs. 






1 

Oxygen C 

o n s u m p l 

ion 

Work load 


(Mechanical Efficiency). The relationship between 


oxygen consumption and workload indicates the 
mechanical efficiency in accomplishment ol physical 
work. A standard way of calculating this value is to 
measure the metabolic rate at a known workload and 
to subtract the resting metabolic rate. Since a 
multilevel exercise test is used, mechanical efficiency 
is reported as the slope (cc/watt) of oxygen eon- 
sumption workload eurve. This relationship is 
linear, and lor the SMI, AT subjects, the average 
correlation coeflieient was 0.9785 ± .026 for a total 
of r>0 tests. 

l able 10-16 summarises the slope of the oxygen 
consumption workload relationship for the pretest 
and test periods for the three crewmen. Efficiencies, 
expressed as percentages, are shown in parentheses. 
The average for all the Apollo pre- and postflight 
exercise tests through Apollo 16 was I 1.8 ec/watt 
(25.3 percent effieieney). Both the (3)R and SIM 
indicated small, but significant, changes for this 
relationship. Since one was an increase and one was a 
decrease, this is not viewed as an overall significant 
finding. 


fable 10 16 

Meehanicul Efficiency (ce’st^ [ ), r uatl ) 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

11.4(26.2) 

.2 

5 



Test 

11.1(26.9) 

1 

10 

3 162 

0.01 

SPT 

Pretest 

99130.2) 

,4 

4 



Test 

11.1126.9) 

9 

1 1 

3.560 

0.01 

PLT 

Pretest 

10.0(29.9) 

.8 

6 



Test 

9.9(30 2) 

.5 

10 

0.276 

N.S. 


(% Efficiency) N. S. Non significant 


2 f f 1 0 (Respiratory Efficiency). The 
relationship between minute volume and oxygen 
consumption i> the ventilatory equivalent for oxygen 
and gives indication of pulmonary elficiency (i.e., 
how much air is required to supply a certain amount 
of metabolic oxygen). These variables are highly 
correlated arid linear. V or all tests on all subjects, the 
average correlation c o e f I i c i e n t was 
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0.9904 ±0.014 (N“f>5). Table 10-17 summarizes the 
minute volume for an oxygen consumption of 2.0 
liters/ minute STPD lor alt these crewmen. 

Table 10 17 

Minute Volume at 2.0 1/rnin Oxygen Consumption 











X 

S.D. 

N 

t 

P 

CDR 

Pretest 

53.8 

1.4 

5 



Test 

50.4 

3.3 

11 

2.892 

0.01 

SPT 

Pretest 

644 

5.4 

4 



Test 

72.0 

6.5 

11 

2.278 

0.05 

PLT 

Pretest 

51.8 

2.1 

6 



Test 

59.8 

5.8 

7 

3.398 

0.01 


The data indicate the CDR had a significantly 
reduced minute volume and the SPT and PLT had 
increased minute volumes for the same oxygen 
consumption. This may indicate individual dif- 
ferences in response to the reduced viscosity of the 
air and the change in resistance of breathing. How- 
ever. the most plausible explanation relates to the 
previously discussed error in measurement of B T P S 
minute volume due, in turn, to high water measure- 
ment by the mass spectrometer. 

3. Oxygen Pulse (Oxygen Consumption /Heart 
Rate). 1 he slope of the relationship between oxygen 
consumption and heart rate is called the oxygen pulse 
or the number of cubic centimeters of oxygen carried 
per heartbeat. This relationship is highly linear w ith a 
very significant correlation. The average correlation 
coefficient for 53 tests was 0.9782 ± .026. 
Table 10-18 summarizes the slopes of this relation- 
ship for the pretest and test periods for each 
crewman. There were no significant changes observed 
for this parameter. 

4. Systolic Blood Pressure - Oxygen Consump- 
tion . Another approach in evaluating cardio- 
pulmonary function i* to look at changes in the 
relationship between oxygen consumption and 
systolic blood pressure. This combination is highly 
correlated, although not as highly as the previous 


variable pairs. The average correlation coefficient for 
50 tests was 0.9200 ± .065. Table 10-19 summarizes 
the systolic blood pressure at 2.0 liter>/miiMile 
oxygen consumption lor each crewman during the 
pretest and test period. The SPT shows a slightly 
increased pressure at this exercise level, hut again this 
may be due to previously discussed problems w ith the 
blood pressure measurement svstem. 


Table |0- 18 

Oxygen Pulse (V ( j UK) 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

21.8 

3.8 

6 



Test 

24.6 

2.3 

10 

1.634 

N.S. 

SPT 

Pretest 

37.1 

2.4 

4 



Test 

37.2 

2.2 

11 

.073 

N.S. 

PLT 

Pretest 

22.4 

5.9 

6 



Test 

23.9 

2.2 

11 

.600 

N.S. 


N. S. - Non-significant 


Table 10-19 

Systolic Blood Pressure at 2.01 /min 




X 

S.D. 

N 

t 

P 

CDR 

Pretest 

172.3 

10.8 

6 



Test 

172.8 

9.5 

11 

.095 

N.S. 

SPT 

Pretest 

144.1 

5.3 

4 



Test 

153.0 

7.7 

11 

2.526 

p>0.05 

PLT 

Pretest 

175.2 

16.1 

6 



Test 

188.1 

5.5 

7 

1.871 

N.S. 


N. S. - Non-significant 


5. Heart Rate - Systolic Blood Pressure. The 
relationship between heart rate and systolic blood 
pressure was one relationship studied during Apollo 
pre- and postflighl exercise studies. This usually 
highly significant correlation averaged .9819 ±.098 
for 47 SMEAT tests. Table 10-20 summarizes the 
systolic blood pressure at a projected heart rate of 
1 60 beats/ minute for the three crew men during the 
pretest and test periods. There were no significant 
changes during the summarized periods. 
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Tahir 10 20 

Systolic Blood Pressure 
al a Heart Rate ol I 00 Beals/Min 




X 

S.D. 

N 

t 

P 

COR 

Pretest 

181.9 

27.2 

6 



Test 

209.4 

15.8 

10 

2.258 

N.S. 

SPT 

Pretest 

194.8 

15.9 

4 



Test 

209.6 

7.6 

11 

1.789 

N.S. 

PLT 

Pretest 

202.9 

32.0 

6 



Test 

199.7 

14.4 

7 

.226 

N.S. 


N. S. - Non significant 


Crew Personal Exercise 

Regardless ol dcconditioniug (rends, the higher 

r* r 

the initial fitness (arrohir capacity), the more 
physiological reserve there is available to do a given 
amount of work. The missing data point and the one 
which prevents the enforcing ol minimum litness 
levels is the lark ol obvious eorrelation between 
aerobic capacit) and nondeterioraling physiological 
adaptation to space (light o> measured by the 
response to exercise pre- and post I light during 
Apollo. 

Recommendations lor an exercise program were 
formulated liy tin* Principal Investigator ol Experi- 
ment MI7I. For SMLAT, the exercise approach us d 
was essentially that planned forSk\lab Hie SIM’ w as 
verv familiar with litness programs and desired to 
structure his own program. Exercise programs con- 
sidered adequate to maintain Illness levels were 
recommended to tin* CDR and PI/I. 

The recommended exercise programs were not 
carefully followed by the crew nor were attempts 
made to determine if recommended levels were 
acceptable. Posl-SMLAT, the crew assessed the 
reeommended programs as inadequate. A review ol 
exereisi' levels showed that both the CDR atid PL I 
changed to new exercise levels apparent!) considered 
by them to be more appropriate. 

During SMLAT baseline data analysis, it was 
necessary to eliminate the lirsl several Ml » I runs for 
the CDR and PLT because training resulted in a 


changing litness level, lids should be avoided during 
Sky la It when' crew time available lor exereisi' is at a 
premium and the total number of baseline tests will 

be limited. 

Table 10-21 summarizes tin* crew personal 
exercise levels and how these compared with calorie 
intake. From these data it is apparent that activity 
levels should he more adequate)) planned and 
followed in order to be sure that sufficient caloric 
input is provided. 

Another problem area was the failure ol the 
bicycle ergoineter load module. It is lelt that the 
bicycle ergometer is the only adequate exercise device 
available during Sky lab and that it should not have 
any performance limitations. To restrict its use could 
seriously impart the ability ol Skvlab crews to obtain 
sufficient cardiopulmonary exercise. 

Discussion 

The SMLAT version of the MIT I stud) proved to 
be a verv beneficial aspect of development of the 
experiment lor the Skylah Program. The functions 
evaluated were the following: (I) Baseline data 
gathering, (2) (Tew procedure*. (.1) Hardware per- 
formance. (T) Physiological effects of the Skylah 
atmosphere. (.”>} Data handling procedures, and 
(6) drew personal exercise on the bicycle ergometer. 
The following paragraphs summarise these important 
points in each ol the>e areas. 

Baseline Data Gathering 

The object of tlie baseline data activil) is to 
provide a population ol numbers from which 
statistical confidence levels can he determined. 
Without this confidence interval, it is impossible to 
determine with an\ objectivity whether significant 
changes occur during the inflight period. This proved 
(o he a problem during SML AT because ol equipment 
anomalies, crew training sessions, and most 
important, tlie initial lack of a repeatable response. 
This latter problem was a training ellect, and, because 
of it, the first two ha m line runs for the (]|)R and PI/I 
had to be eliminated. The SIM was familiar with 
bicycle ergornetrv and demonstrated a more stable 
fitness level with no training ellect. However, because 
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SMKAT provided an opportunity lor rescheduling 
runs, sufficient data could be obtained lor udeipjate 
statistical considerations. Had tliis not been possible, 
the test objectives could not have been met. 

Table 10 21 

SMKAT I ree T ime Kxereise 
Wall-Minutes 


Test Day 

CDR 

SPT 

PLT 

1 

0 

0 

0 

2 

2526 

10000 

0 

3 

1623 

2672 

1762 


2598 

8285 

3343 

5 

0 

0 

0 

6 

1474 

2734 

1781 

7 

4357 

0 

4352 

8 

1555 

11075 

4500 

9 

297 

10293 

292 

10 

458 

10500 

5004 

11 

4553 

11600 

0 

12 

1518 

2703 

1811 

13 

3265 

18300 

5000 

14 

4570 

15250 

5000 

15 

292 

21294 

298 

16 

5225 

0 

5500 

17 

0 

16125 

5000 

18 

1516 

2703 

1807 

19 

5210 

16750 

5002 

20 

5313 

19175 

5500 

21 

296 

11525 

291 

22 

5362 

19750 

6000 

23 

5252 

17250 

6000 

24 

1543 

24851 

1803 

25 

5300 

11850 

6000 

26 

5303 

0 

1799 

27 

1491 

16725 

6250 

28 

0 

6620 

6500 

29 

5329 

17691 

6500 

30 

1498 

2733 

1793 

31 

5330 

18375 

6780 

32 

5400 

19450 

6780 

33 

0 

0 

0 

34 

4812 

6655 

5500 

35 

5006 

20425 

5500 

36 

1482 

8742 

1810 

37 

5205 

15200 

5500 

38 

5265 

14306 

5500 

39 

0 

12933 

0 

40 

5930 

0 

0 

41 

6040 

9660 

6040 

42 

1514 

4455 

1807 

43 

1497 

9750 

1813 

44 

2084 

11428 

5200 


I able 10 2 I (( iont imied) 

SMKAT I* ree T ime Kxereise 
Wall-Minute^ 


Test Day 

CDR 

SPT 

PLT 

45 

0 

10500 

5000 

46 

6000 

9000 

5000 

47 

13500 

8000 

6000 

48 

6000 

15280 

6000 

49 

6000 

8500 

6000 

50 

8043 

15280 

6000 

51 

0 

0 

8100 

52 

1702 

9240 

6500 

53 

6000 

30000 

0 

54 

1513 

2739 

7205 

55 

751 1 

2689 

7000 

56 

6000 

15000 

5000 

Total Work Iwatt min.) 

189560 

594161 

210757 

Total Work Iwatt min/day) 

3385 

10610 

3763 

Total Work (BTU/day) 

192 

603 

214 

Metabolic Expenditure 

768 

2412 

856 

Assuming 25% Efficiency 




BTU/day 

768 

2412 

856 

BTU/hr 

32 

100 

36 

K cal /day 

194 

607 

215 

Energy Expenditure 
Caloric Intake 




K cat/day 

2902 

3527 

3102 

Caloric Equivalent of Weight 
Loss Assuming Fat Metabolism 




K cal /day 

188 

672 

102 

Total Energy Expenditure 




K cal /day 

3090 

4199 

3204 

BTU/hr 

510 

694 

j 530 

1 


Crew Procedures 

On the basis of the SMKAT experience, crew 
procedures have been optimized to permit proper 
setup and execution of Kxperimenl \3I7I in Sky lab. 
Final hardware modifications may dictate some 
change, hut no serious problems are anticipated. 

Hardware Performance 

The following comments reflect our most recent 
understanding of the performance of specific 
hardware. 

Bicyr.lv Krgomvter. Posttesl analysis of the bi- 
cycle ergometer load module failures has indicated 
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improper assembly procedures were at fault. Other- 
wise, the unit performed satisfactorily . However, its 
upper tolerance limit is still in question. 

The heart rate control portions of the ergometer 
malfunctioned in two ways. First, the indicated heart 
rate was low by approximately ten beats/minute. This 
has been traced to a potential calibration problem in 
which the width of the calibration pulse alfects the 
average heart rate value. 

The second malfunction was the apparent lack of 
proper control in the heart rale mode. In posttest 
evaluations, the unit functioned properly. The in-test 
difficulties may have been the result of procedural 
problems. 

Metabolic Analyzer. Although minor anomalies 
were identified and have been corrected, there are 
still several important items outstanding. Carbon 
dioxide production is measured significantly high. 
This problem is thought to be associated with the 
carbon dioxide sampling, measurement, and/or cali- 
bration of the mass spectrometer. Testing performed 
by the manufacturer disclosed no influence on carbon 
dioxide measurements by water. Therefore, the high 
carbon dioxide levels are not attributed to calibration 
procedures. Design changes have been initiated to 
provide an improved calibration technique. 

The measurement of water vapor pressure is in 
error and impacts the correction of respiratory 
volumes to standardized conditions. Testing by the 
manufacturer verified that a high gain was being set 
during water calibration. 

The vital capacity measurement capability of the 
metabolic analyzer is suspect due to the low values 
observed at 5 psia. This remits from a spirometer 
triggering problem and/or respiratory valve leakage 
identified by the SMEAT crew This latter anomaly 
could not be repeated at 14.7 psia and therefore is 
either a reduced pressure phenomenon or due to the 
measurement technique utilized at 5 psia, 

HI ood Pressure Measurement System 
(BPMS). The performance of this system has been 
discussed in detail. On first impression it appeared 
that there were an unacceptably high number of bad 


data points. However, even though there was more 
variability than desired, the postflight analysis of the 
data has shown that long term trends in systolic 
pressure should be detectable after obviously errone 
ous values are edited out. This will be possible 
because of the large number of data points and the 
regression techniques used for evaluating the data. It 
will probably be impossible to evaluate diastolic 
pressure changes in detail, but this measurement has 
historically been difficult. 

An additional problem was that the same subject 
showed increasing diastolic pressures one time and 
decreasing diastolic pressures the next time at the 
same exercise stress. A considerable improvement in 
blood pressure data would be realized if the crewman 
were to remove his arm from the handlebars during 
the measurement period. 

Body Temperature Measuring System 
(BTMS). This system was originally designed to 
measure body temperature in the ear canal but. 
because of fitting problems with some crewmembers, 
it was changed to an oral measurement,. The system 
appears to function properly except that the response 
time is longer than desirable. However, for the 
intended purpose (to detect a fever), it should be 
adequate. 

Vectorcardiogram (VCG). This system was used 
to measure heart rate only and it functioned 
satisfactorily. 

Physiological Effects of the Skylab Atmosphere 

Utilizing primary and/or backup measurement 
techniques (i.e., Douglas bags), no adverse physio- 
logical changes have been observed which could be 
ascribed to the simulated Skylab atmosphere or 
conditions. 

Data Handling Procedures 

A total data flow system was developed and 
checked. This system, w'ith minor modifications, 
should be adequate for Skylab. 

Personal Exercise 

The bicycle ergometer is an excellent device for 
crew personal exercise, but design constraints may 



METABOLIC ACTIVITY EXIT KIMKNT Ml 71 


HUT 


limit its ultimate usefulness. There was a problem in 
defining adequate crew personal exercise programs 
lor those crewmen not lamiliar with hicyele 
(Thorne ter exercise. 

Conclusions and Recommendations 

This test identified several hard w are/ procedural 
anomalies which had to he satisfied (either through 
hardware modifications or procedural changes) prior 
to a sueeessful implementation of the actual inflight 
activity. The most important ol these were: (I) T nc 
metabolic analyzer measured curhon dioxide produc- 
lion and expired water too high; (2) The ergometer 
load module lailed under continuous high workload 
conditions: (T) A higher than desirable number of 
erroneous blood pressure measurements were 
recorded; (4) Vital capacity measurements were un- 
reliable; and (5) Anticipated crew personal exercise 
needs to be more slruetured. 

A review of the results of this experiment 
prompts the following recommendations: 

I. Contingency scheduling should be planned in 
advance lor possible additional baseline runs. 


These would be utilized only after evaluation 
of available data proved that an inadequate 
baseline sample had been obtained. 

2. The vital capacilv measurement should Im 
eliminated as an inflight requirement. 

4. I lie postexercisc body temperature measure- 
ment should be eliminated and the preexer- 
cisc measurement interval standardized at 
three minutes. 

4. Computation ol metabolic effectiveness by 
use ol both inspired and expired volume 
measurements (Mode I) should he 
reevaluated. 

T. Itasclme data should be obtained on the first 
two Skvlah flight crews at T p>ia utilizing the 
actual flight hardware. 

b. The Skylah flight i re ws should investigate the 
feasibility of removing the left hand from the 
handlebar during the blood pressure mea- 
surement period. 

7. A more definitive estimate of anticipated 
crew r personal exercise parameters should be 
obtained. 




CHAPTER 11 

BIOASSAY OF BODY FLUIDS - EXPERIMENT M073 


Carolyn S. Leach, Ph.D. 

Paul C. Rambaut, Sc.D. 

Lyndon B. Johnson Space Center 


As a result of medical observations during tlir 
U.S. and U.S.S.K. manned space flight programs, it is 
now known that complex physiological changes have 
occurred in crews returning from space missions 
(Berry, 1970; Balakhovskiy et al., 1971). These 
changes have been associated with severe intellectual 
demands and exacting mechanical ta>k>, acceleration, 
weightlessness, sleep loss, changing circadian rhythms, 
confinement, relative inactivity at some times and 
periods of high physical activity at others, and 
alterations in cahin atmosphere composition. There is 
an urgent need to study tin* physiological changes in 
exact and mechanistic terms. The changes must he 
precisely documented with respect to magnitude, 
time-course, and direction. Underlying mechanisms 
must he ascribed to these changes in order to assess 
man s ability to withstand long duration space flight 
and the need for countermeasures. 

The Skylab Medical Experiments Altitude Test 
provided the opportunity to examine the effects of 
space flight conditions in the presence of gravity. In 
particular, it allowed the collection of baseline data 
on men from the same population as the Skylab 
crews under conditions expected to occur during the 
Skylab flights. 


The experiment reported in this section wa> 
designed to measure the biochemical changes in 
endocrine and metabolic physiology of the SMK AT 
crewmen in the following areas: 

1. Fluid ami electrolyte balance. 

2. Regulation of calcium metabolism. 

3. Adaptation to the environment. 

4. Regulation ol metabolic processes. 

Experimental Protocol and Methods 

The study included the collection of urine into 
daily 24-hour urine pools commencing 2U days before 
chamber ingress, continuing throughout the chamber 
confinement, and for IB days alter egress. The urine 
was cooled during the collection to 4°(.. Each 
morning, the previous day’s urine pool was received 
in the laboratory and stabilized. The in-chamber 
collections were performed with specially designed 
urine collection devices. The SET used a prototype of 
the actual system designed for inflight Sky lab use. 

This study encompassed 104 days of urine 
collection, resulting in 312 separate 24-hour urine 
pools. Data from eight percent of these samples were 


The Principal Investigator would like to thank Drs. Philip Johnson, John Potts, Bonnalie Campbell and Myron Miller for their 
scientific consultations. Additionally, the following individuals are responsible for the conduct of the analysis in this report 
Margaret Patton, Libby Troell, Vemell Fespcrman, Dorothy Hatton, Sylvia Wilson, Sandra Seals, Charles Shannon, Richard 
Long, Theda Driscoll. Karen Windier, Karen Swensen and Lee Bertram. Special acknowledgement is made to W. C. Alexander, 
Ph.D., for the superb support by the clinical laboratories during this experiment. The sample collection logistics were assisted 
by Dr. Edwin Smith. 
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not used in llu* statistical calculation* dur to known 
or suspected urine loss. 

Analyst's conducted on tlie 24 hour urine samples 
included antidiuretie hormone (\DII). aldosterone, 
hydrocortisone, total 1 74i\ droxy corticosteroids 

(|7 Ol ICS), total and fractionated I 7 kctostcroids. 
amino acid excretion patterns, epinephrine and 
norepinephrine, sodium, potassium, chloride, 
osmolality, and creatinine. 

Fasting Flood samples (7 a.m.) were drawn 21, 
14, and 7 days he lore and on the morning of chamber 
ingress. Similar samples were drawn eight times 
during the in-chamber phase on day* 40. .42, 41. 48, 
55. 04, 75, and ILL The postehamher hlood samples 
were drawn immediately alter egress, three and 
fourteen days laler. For this experiment, tin* hlood 
volume* for pre and postehamher analysis were 
25 ml and tin* in-chamber plasma simple averaged 
2.75 ml. Sodium and lithium (KDT\) were list'd as 
the antieoagiilant. 

The plasma samples wen* analyzed lor 
angiotensin I. aldosterone, adrenoeortieotrophin 
hormone (ACTII), hydrocortisone, insulin, glucose, 
human growth hormone, th\ roid stimulating 
hormone, thyroxine, osmolality , parathormone 
(PFII). calcitonin, vitamin D, hlood urea nitrogen, 
creatinine, and the electrolytes: sodium, potassium, 
c hloride, c alcium, phosphorus and magnesium. 

Radionuclide studies were performed to obtain 
measurements of the following body compartments: 
total body water, extracellular fluid, anti plasma 
volume. Total body exchangeable potassium was 
measured postehamher. 

liodv mass was measured daily with water and 
nutrient intake. Deviations in temperature and 
pressure and changes in the degree oi physical activity 
and the occurrence of provocative cardiovascular 
testing (LBNP) were examined in relation to changes 
in plasma and urinary concentrations oi the spectrum 
of chemical parame ters of interest to this experiment. 

Since large individual variation among crewmen 
lias been a constant finding during the Apollo 


program, each man served as his own control by 
comparing the iu-ehamher and postehamher data w ith 
the* prechumber control phase 

The urine data have been grouped into periods of 
equal duration for analysis of variance (Snedeeor, 
195b). When significant changes were detected, a 
Tukcy rank lest was applied to establish period 
variation. The prechamber plasma data were 
compared bv an analysis of variance. The mean 
was obtained from values which did not difler and 
they were compared to the in-chamber and post- 
chamber result* lor percent change. 

Results and Discussion 

Fluid /Electrolyte Balance 

A negative water balance has resulted in some 
body weight loss of the crews returning from space 
flight with a rapid regain of a portion of the lost 
weigfit w ithin the first 24 hours (Leach et al., 1972). 
Table III give* the mean six days weights for each 
crewman. These data were grouped for six days to 
coincide with tin* dietary cycles. There were no 
significant variations in the PIT, a trend toward slight 
decreases in (he LDR, and significant decreases in the 
SIT (p<. 001). 

The SET's weight loss evidently resulted from a 
caloric deficit accentuated by physical activity and is 
not related to chamber exposure. The maintenance of 
weight in two crewmembers, together with relatively 
constant water intake*, lends credence to the Indict 
that weight losses ob*erved on the D.S. and l .S.S.R. 
space flight crews may be only partially related to 
calorie deficits. 

The hypothesis that electrolytes are lost with 
fluid changes is substantiated by a detailed 
examination. The urine and plasma levels, 
summarized in Tables 1 1 -2 and I I -.4. reveal slight 
variations in hlood electrolytes for the pre and post 
ph ases of this study. Serum sodium demonstrated 
variation from -0.1 to +2.8 percent. These are not 
considered to be significant. Potassium varied 
significantly during the control period with the 
variations occurring on day* 2 and 9. In the 
immediate post! light sample, potassium 


was 
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Tahir I 14 

Smitll Mcclrolv iv Result- 

(""VD 


Prechamber Means 

Sodium 1404 

Potassium 3.8 

Chloride 105.5 


Postchamber 


Date 

Sodium 

Percent Change 

Potassium 

Percent Change 

Chloride 

Percent Change 

9-20 

141.3 

*■ 0.6 

3.7 

- 2.6 

106.3 

+ 0.8 

9 21 

140.0 

0 3 

40 

+ 5.3 

104.7 

- 08 

9-25 

144.3 

t 2 8 

4.2 

♦ 10.5 

108.7 

+ 3.0 

ia5 

140.3 

0.1 

4.0 

♦ 5.3 

108.3 

+ 2.7 


Tahir | | 3 

I riiurv l .lrctn >k tc { fom ent ration- 
mc<|/\olmiu 





Sodium 



Chloride 



Potassium 



CDR 

SPT 

PLT 

CDR 

SPT 

PLT 

CDR 

SPT 

PLT 

a) 

■ -Q 

1. 

128 

135 

143 

108 

114 

122 

72 

73 

69 

? E 

2. 

131 

148 

152 

108 

123 

134 

88 

75 

73 

£, 

U 

3. 

156 

128 

140 

124 

102 

132 

83 

73 

84 


4 

157 

143 

167 

132 

123 

148 

82 

73 

75 


5. 

153 

128 

169 

126 

1 14 

149 

83 

75 

82 


6. 

142 

105 

154 

114 

89 

139 

78 

80 

76 

£ 

E 

7. 

148 

115 

152 

115 

91 

135 

80 

73 

75 

.c 

8. 

133 

118 

162 

112 

96 

143 

71 

73 

77 

o 

9 

154 

143 

156 

125 

114 

137 

78 

70 

72 

- 

10, 

151 

131 

176 

105 

110 

153 

81 

72 

82 


1 1 . 

163 

135 

169 

132 

106 

136 

86 

79 

86 


12, 

157 

114 

157 

139 

78 

134 

87 

71 

75 

~ -Q 

13 

123 

89 

157 

98 

71 

126 

68 

51 

72 

o E 

Q. O 

14 

144 

110 

160 

134 

93 

140 

83 

65 

80 

-C 

U 

15. 

118 

106 

146 

104 

90 

129 

71 

81 

75 


Sodium 


Chloi 


Potass 


{ 

ride ^ 
ium| 


FA - Between Treatments 

P = .025 

2 4864 

FB - Between Men 

P< 001 

24.2233 

FA = Between Treatments 

1.8710 

P .10 

FB - Between Men 

39.4455 

P<.001 

FA = Between Treatments 

P = .025 

2.5055 

FB = Between Men 

P< 005 

7 7318 


decreased hy 2.1 pereenl from tin preehamber mean 
and ihrn increased lor the follow ini» blood samples 


7.5, 12.0, and 5.0 percent. Scrum chloride was 

increased on da\> 00 and 00. Thr greatest increase. 
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which occurred on day 80, was consistent will* the 
increase in sodium also observed nil th at day. The 
urine electrolyte <lata exhibit significant variation 
a mo lit: the crewmen; however, only potassium varied 
significantly for tin* group between the in-chamhcr 
and poslcharnber values, with the first postflight 
period demonstrating the lowest potassium excretion 
values. This coincides with the decreased serum 
potassium observed on day 85. This slight but 
significant potassium change has been noted alter 
other hypobaric studies (katchman et al., 1087; (lee 
el al., 1088). It lias been attributed to dietary factors 
by one author but may lie more appropriately related 
to other metabolic and endocrine control mechanisms 
as discussed in tli is section. 

In order to examine more closely the control of 
sodium and potassium metabolism, the >all retaining 
hormone aldosterone was measured in combination 
with the peptide ungjotru.siii winch is responsible lor 
the primary control ol aldosterone secretion from t hr 


adrenal cortex. These data an’ summari/cd in 
Table 11-4. 

There is a slight trend toward an increase in 
urinary aldosterone during the periods af ter chamber 
ingress with the fifth and sixth periods var\ mg 
significantly from tin* pre* and postehamher phases. 
Angiotensin 1, a direct measurement ol renin activity, 
shows overall slight increases from tin preflight 
control period during in- and postehamher sample 
periods. 1 his increase was noted in all three crewmen. 
The (4)!IV data exhibit abnormally elevated values 
periodically, and tin* exact reason is not yet apparent. 

The two crewmen on (Jemmi 7 showed increased 
urinary aldosterone excretion during the flight 
(Lutwak et al., 1989). Data from crews ol the Apollo 
missions also suggest that aldosterone is elevated 
during weightlessness (Leach et al., 1972). The results 
reported herein are probably not related to dietary 
sodium or potassium since the intake of both ol these 
electrolytes remained constant. 


Table 114 

Sodium (iontrol Mechanism Results 


Urinary Aldosterone 


0) 

-D 


E 


-C 

8 

a. 


S3 

E 

a: 

-C 

V 


0> 

S3 

E 

(D 

S. 

o 

t/t 

o 

Cl 


^9/tv 

CDR SPT PLT 


1. 

3.9 

4.4 

5.9 

2. 

6.7 

4.4 

5.0 

3 

5.2 

3.4 

4.4 

4, 

6.5 

6.0 

8.9 

5. 

12.2 

5.9 

10.4 

6 

89 

7.6 

10.9 

7. 

7.1 

5.9 

7.4 

8. 

6.2 

5.5 

6.6 

9. 

5.5 

4.5 

5.9 

10. 

7.6 

6.3 

8.7 

41 

3.7 

6 8 

5.6 

'12. 

5.1 

4.9 

4.3 

13. 

4.1 

3.3 

4.9 

14. 

5.7 

3.5 

4.5 

15. 

7.5 

6.9 

7.7 


Plasma 
Angiotensin I 
m/^g/ml/hr 


Prechamber Mean = 0.58 


In-chamber 



Percent 

Date 

Means 

Change 

7 29 

1.08 

+ 86.2 

8-7 

2.74 

+ 372.4 

8-14 

1.26 

+ 117.2 

8-22 

1.65 

+ 184.5 

8 31 

0.99 

+ 70.7 

9-11 

4.69 

+708.6 

9-18 

2.08 

+ 258.6 


Postchamber 


9-20 

1.90 

+227.6 

9-21 

0.79 

+ 36.2 

9-25 

1.38 

+ 137.9 

10-5 

1.23 

+ 112.1 


Aldosterone 


(FA = Between Treatments 
4FB * Between Men 


6.8279 P<.001 
6.7518 P .005 
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There an* reports ot electrolyte changes due to 
hypobaric chambers exposure (Katchman et al., 
1967). However, the magnitude of those changes, as 
well as the ones in this study, is much less than the 
magnitude of the changes reported from space flight 
(Leach et al., 1972). There art* several {actors which 
influence the adrenal secretion of aldosterone 
(Muller, 1971). Among these are potassium ions, 
related monovalent cations, angiotensin, serotonin, 
and ACTH. All but the last one acts directly on the 
production of aldosterone. 

It is not possible to discuss changes in electrolyte 
metabolism without studying the control and 
disposition of body water. The data pertinent to this 
area are summarized in Table 11-5. There were 


significant differences during the eighth and ninth 
in-chamber periods and the last postchamber period 
with the remaining periods in urine volume and ADD. 
Neither urinary nor plasma osmolality varied 
significantly throughout the study. The in-chamber 
increases in ADI I w ith concomitant decreases in urine 
volume occurred at the time the temperature was 
increased within the chamber. 

The reaction of the central nervous system to 
conserve water during elevated temperature exposure 
is well documented (Strauss, 1957). The response 
postchamber is related to the environmental 
temperature outside the chamber Table 11-6 shows 
the body fluid volumes measured during SMEAT. 
Except for plasma volume, all other volumes were 


Table 11-5 
Urine Volume Data 




Urine Volume 



ADH 



Osmolality 





ml 



m Units/tv 



m OSMO 




CDR 

SPT 

PLT 

CDR 

SPT 

PLT 

CDR 

SPT 

PLT 

Pre- 

chamber 

1 . 

2546 

1967 

1497 

14.0 

10.2 

11.0 

378 

655 

516 

2. 

2103 

1667 

1910 

10.8 

11.9 

10.9 

392 

577 

512 

3 

2426 

1483 

1691 

5.0 

4.8 

8 1 

341 

569 

435 


4. 

2745 

2080 

1848 

79 

6.5 

9.1 

326 

428 

458 


5. 

2874 

1904 

2024 

9.0 

10.8 

15.7 

313 

462 

457 


6. 

2615 

1646 

1820 

12.0 

7.9 

10.2 

331 

626 

500 

£ 

7. 

2372 

1626 

1488 

12.1 

7.4 

12.2 

362 

590 

597 

E 

<0 

8. 

2162 

1251 

1394 

54.6 

28.7 

17.8 

380 

639 

579 

-C 

V 

9. 

2365 

1825 

1418 

21.1 

47.5 

19.7 

368 

749 

577 

c 

10 . 

2369 

1932 

1905 

18.2 

30.8 

14.9 

336 

429 

476 


11. 

2756 

1929 

1757 

7.7 

5.3 

3.4 

346 

431 

490 


12. 

2863 

1653 

1786 

29.7 

3.9 

18.1 

348 

469 

531 

Post 

chamber 

13. 

1940 

1408 

1815 

20.1 

10.2 

9.6 

470 

547 

530 

14. 

2526 

1578 

2039 

18.6 

7.5 

10.3 

344 

629 

456 

15. 

1983 

1128 

1590 

15.0 

8.2 

9.6 

403 

722 

492 


Urine 

| FA = Between Treatments 

3.7953 

P <.005 

< 

Volume i 

^ FB * Between Men 

78.8081 

P<001 

ADH < 

/ FA * Between Treatments 

3.2267 

P<005 

I FB = Between Men 

1.6416 

P<25 

Osmolality < 

( FA = Between Treatments 
1 FB * Between Men 

P= .025 
PC.001 

2.3272 

48.0314 


Serum Osmolality 
mOSMO 

Prechamber Mean: 286.4 
POSTCHAMBER 


Date 

Means 

Percent 

Change 

9-20 

286.0 

-0.1 

9-21 

286.0 

-0.1 

9-25 

285.7 

-0.2 

10-5 

282.7 

-1.3 
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62.9 60.4 - 4.0 81.2 78.8 - 3.0 71.5 70.8 
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decreased during the mission. When ill** volumes are 
expressed as milliliters per kilogram of Body weight, 
there is an inerease in all volumes exeept interstitial 
fluid. This indieales that the decreases in the volumes 
are a result of tin weight decrease of the 

erewinemhers. 

Lean body mass decreased in all three 
crewmembers: however, the decrease in lean body 
mass was small comp. red to the loss of lipid 

containing tissue shown hy SIM and the inerease 

shown by <I>R. 

Total body exchangeable |»olassiiiin was 

determined immediately alter chamber egress and 

again fourteen days later ( I able I I - * ) . I here was no 
significant change in the results of this determination. 
Total bod> exchangeable potassium represents about 
DO percent ol the total body potassium. 

Table 1 1 7 


Total Hotly K \ changeable Potassium 
meq/ k/kg Hody Weight 



CDR 

SPT 

PLT 

ASAP 

41.8 

41.0 

47.2 

R + 14 

42.8 

40.3 

48.5 


Total meq 



CDR 

SPT 

PLT 

ASAP 

2938 

3596 

3974 

R + 14 

3032 

3562 

4074 


The body lluid changes were small and 
proportional to the change in body weight 
experienced by the crewmembers during the mission. 
Since this was a I g environment, the fluid shifts 
associated with weightlessness would not be 
expected. The large weight change experienced by tin* 
SPT appeared to have been fat ( 2D. 2 percent) with a 
relative increase in lean hotly mass (♦ 4.9 percent). 
This indicates a degree of physical conditioning 
associated with his weight loss since a weight loss due 
only to caloric restriction should have produced an 
equivalent change in percent lean body mass. 

Fluid and electrolyte changes have been shown in 
actual and simulated space flights (Cilen & Shannon, 


1966). The results indicate that the environmental 
conditions of this chamber did provoke changes, 
particularly whi n the temperature was elevated. 
However, the changes reported here arc not 
comparable to those reported Iron the I'.S. and 
U.S.S.K. maimed space flights. 

Regulation of Calcium Metabolism 

One of the more significant threats to the health 
of spare flight crews during long-term exposure to 
weightlessness flight is regarded to he alterations in 
calcium metabolism (llattncr & MeMillian, 1968). 
Studies with subjects at bed rest indicate that 
exposure to reduced gravitational stress would result 
in an imbalance lietwren hone lormation and hone 
restoration (l)eitrick el ah, 1948). I* or this reason, 
the hormones which allect c alcium levels in the blood 
were analyzed. These were parathormone (Pill), 
calcitonin, and \ itaiuin I L 

The Pill results are shown in Table I 1-8. There 
were no significant changes in the plasma levels of 
this hormone in an\ phase oi the experiment. All of 
the calcitonin results remained below 70pg/ml which 
is tlie level of detection of this assay (Deft os, 1971). 
It can he 1 assumed, therefore, that there were no 
physiologically significant increases in plasma 
calcitonin concentration during the study. V itamin I) 
also demonstrated no changes from baseline. 

Although a possible effect on calcium metabolism 
of the SMKAT environment was a primary motivating 
factor in the conception of the SMKAT Program, it 
was not anticipated that this alteration would he large 
enough to manifest itself in signif icant and prolonged 
negative calcium balance. These findings have been 
verified, and it is believed that the constancy of the 
ealciiim/phosphonis balance in this study provides a 
stable baseline for the interpretation of the Skvlah 
calcium balance experiment. 

Adaptation to the Environment 

Space flight of long or short duration includes a 
wide range of types and intensities ol stress stimuli. 
Almost a(l components of the endocrine system 
respond to stress. Hy studying this system, the earliest 
reaction of man to stress, as well as the intensity of 
the neuroendocrine response, can be determined. For 
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Tahir 118 

IMa^ina Parathormone Results 





CDR 


SPT 


PLT 



- 

— 

Heparin 

- 

— 


6/29 

< 

0.42 

< 

0.42 

< 

0.42 



+ 

* 0.00 

+ 

* 0.00 

+ 

* 0.00 

1! 

7/6 

< 

0.42 

< 

0.42 

< 

0.42 

£ 

ro 


+ 

* 0.00 

+ 

# 0.00 

± 

* 0.00 

u 

7/13 


0.62 


0.49 


0.69 

£ 


+ 

* 0.08 

+ 

* 0.01 

± 

* 0.13 


7/25 

< 

0.42 


0.54 


0.54 



+ 

* 0.00 

+ 

• 0.12 

+ 

0.08 



- 

— 


EOT A 

- 

— 


7/27 

N. 

s. 

N. 

S 


0.96 







+ 

0.03 


7/29 


1.07 


1.37 


1.21 



+ 

0.03 

+ 

0.04 

± 

0.12 


8/7 


1.57 


1.20 


1.22 



+ 

0.50 

+ 

0.22 

+ 

0.03 

o> 

A 

8/14 

N. 

S 


1.24 


1 00 

E 

10 




+ 

0.04 

+ 

0.06 

A 

V 

8/22 


0.90 


1.05 


1.06 

c 


+ 

0.07 

+ 

0.16 

+ 

0.24 


8/31 


1.58 


1.05 


0.97 



+ 

0.29 


0.02 


0.08 


9/11 

< 

0.64 

< 

0.64 

< 

0.64 




* 0.00 

+ 

* 0.00 

+ 

* 0.00 


9/18 


0.82 

< 

0.64 

< 

0.64 



+ 

0.00 

+ 

* 0.00 

+ 

* 0.00 




— 

Heparin 

- 

— 


9/20 

< 

0.64 


0.77 


0.79 



+ 

* 0.00 

♦ 

0.08 

+ 

0.15 

5 

e 

9/21 

< 

0.64 


0.65 

< 

0.64 

t 

ro 


+ 

« 0.00 

+ 

0.01 

+ 

# 0.00 

o 

9/25 


0.73 


0.77 

< 

0.64 

8 

G. 


+ 

0.08 

_+ 

0.03 

+ 

* 0.00 


10/5 


0.70 


0.67 

< 

0.64 



+ 

0.06 

+ 

0.02 

+ 

* 0.00 


< — — means all replicates undetectable 
N. S. Indicates no sample 


consideration of the physiological cost of maintaining 
existence in thr chamber environment, the 
sy mpatho-adrenal medullary and the pituitary -adrenal 
axis secretions were studied. For this purpose, two 
groups of hormones were assayed and the results are 
given in Table 1 1-9 (a and b). 


Plasma ACTII was elevated in the pretest period 
once. Fxchiding those data for tin* analysis, all of the 
in- and postchamber samples except the iirst 
in-eharnher sample were signif ieuntly decreased 
(average .10 percent). Plasma Iree hvdroeortisone was 
slightly elevated during this study. The range for thi* 
elevation was from 14 to * 112 percent. These results 
agree with the concept of a negative feedback control 
between the adrenal and the anterior pituitary . 

The urinary steroid data demonstrated changes in 
several areas. Hydroc ortisone excretion was decreased 
below control values lor the .seventh and eighth 
chamber periods arid tlx* postcharnber results also 
differed from the prevalues. The total 17 OIK'S 
showed slight decreases throughout the chamber and 
post periods. There appear lo be two reasons for the 
decreasing trends in the urinary excretion of the 
glucocorticoids. First, the prechamber phase urinary 
steroid levels may have been elevated due to the 
anticipatory stress of the study. The second reason 
rnay be the decreased excretion of these compounds 
in a hypobaric environment. This was reported on the 
one flight experiment for which there were urine 
samples returned for analysis, and similar decreases 
have been reported in various altitude testing (l)lvedal 
et al., 1963). It is thought that these changes re fleet 
decreased metabolism of the steroid compounds. 

The total and fractional kelosteroid data were 
grouped on a seven-day basis for statistical treat 
ment. The analysis of variance for these data is 
shown in Table 11-10. This analysis substantiated 
the individual variations which have been 
demonstrated in most other areas. More impor- 
tantly, etiocholanolone, 11=0 etiocholanolone and 
the total values varied significantly (p< .0,1) 
between the pre-weeks and first week in the 
chamber, with a definite decrease after chamber 
ingress. 

Decrease in total steroid excretion has been 
linked to hypobaric exposure (Ulvedal el al., 1963). 
However, the decrease in one partic ular steroid in the 
metabolism of the ketosteroids has not been shown 
before this experiment. This decrease may be of 
importance in the enzymatic shifts evidently 
occurring al the glandular level. 
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Tablr 11- 9a 
Pituitary Results 

ACTH Hydrocortisone 

pg/ml jLlg/IOOml 


Prechamber Mean: 63.7 Prechamber Mean: 15.3 


Date 

Means 

Percent 

Change 

Means 

Percent 

Change 


Chamber 

| Chamber 

7-29 

61.0 

- 4.2 

15.5 

+ 1.3 

8 7 

32.8 

-48.5 

23.2 

+ 51.6 

8-14 

25,5 

- 60.0 

14.3 

- 6.5 

8 22 

29.3 

- 54.0 

13.1 

- 14.4 

8-31 

30.4 

- 52,3 

19.2 

+ 25.5 

9-11 

42.1 

- 33.9 

21.1 

+ 37.9 

9-18 

32.1 

- 49.6 

20.3 

+ 32.7 


Postchamber 

Postchamber 

9 20 

30.9 

- 51.5 

21.9 

+ 43.1 

9-21 

20.1 

- 68.4 

17.7 

+ 15.7 

9-25 

254 

- 60 .1 

17.3 

+ 13.1 

10-5 

33.1 

- 48.0 

19.8 

+ 29.4 


Tablr 1 1 9b 

Urinary Adrenal Cortical Results 



Hydrocortisone 

Mg/™ 

Total 1 7-Hydroxycorticos- 
teroids 
mg/tv 



CDR 


SPT PLT 

CDR 

SPT 

PLT 

£ 

1. 

73 


81 117 

8.8 

12.4 

11.6 

ff E 

2 

83 


139 89 

8.7 

9.9 

12.7 

<9 

X 

O 

3 

83 


108 79 

8.1 

10.1 

11.5 


4. 

71 


82 81 

8.5 

9.3 

8.6 


5 

85 


97 88 

8.6 

9.9 

10.9 


6 

54 


61 65 

8.4 

7,8 

9.9 

i 

7. 

47 


66 37 

7.6 

7.6 

6.6 

6 

C0 

8 

42 


52 47 

5.9 

6.5 

6.2 

X 

V 

9. 

61 


91 61 

7.6 

8.9 

6.8 

c 

10. 

56 


95 78 

8.9 

9.5 

8.9 


11. 

79 


96 79 

10.1 

6.8 

6.2 


12 

83 


77 76 

10.5 

59 

8.9 

± 1 

13 

80 


71 75 

4.5 

6.4 

6.5 

« p 

0 A 

14. 

52 


60 48 

5.9 

7.0 

7.3 

Q. • 

O 

15. 

76 


75 62 

7.0 

7.4 

10.3 

Hydrocortisone 

J 

( FA = Between Treatments 

5.4037 

P<. 001 




1 

[ FB = Between Men 

6.2775 

P * .005 

Total 







1 7-Hydroxy- 


j FA * Between Treatments 

3.5910 

P< 005 

corticosteroids 


1 FB * Between Men 

1.6622 

P - .25 
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1 7-Ketosteroids: Two Way Analysis of V ariance 



f a 

F 0.95 F B 

Pregnanediol 

1.24 

39.76 

Androsterone 

1.25 

22.59 

Etiocholanolone 

4.90 

* 141.76 

Dehydroepiandrosterone 

1.27 

3.55 

11=0 Etiocholanolone 

5.85 

* 20.96 

Total 

3.21 

* 42.17 


The second group of hormones, gencrically called 
catecholamines, is represented by the substances 
epinephrine or norepinephrine which an* secreted in 
response to immediate short-term stress situations. 


The result of the anal) sis of these hormones reveal 
significant changes among the periods, as shown in 
Table I ML 

Hoth catecholamines were consistently higher in 
the (d)K. 1 1 is urine also demonstrated Impienl 

decreases in the ratio of norepinephrine to 
epinephrine. The SPT excreted inerra>cd amounts of 
norepinephrine beginning before the chamber ingress 
and continuing throughout the exposure. The PLT 
demonstrated normal excretion of the catecholamines 
with minor incidence of increases. Studies on the 
effect of hypoharic chamber exposure on tin* urinary 
excretion of epinephrine and norepinephrine and 
steroids are inconclusive (Ulvedal, dal., I%3). 
However, it is considered that epinephrine excretion 
is elevated in mental nr (‘motional strain while 


Table 1111 

l Hilary Catecholamines 

Mg/ tv 




Epinephrine 

Norepinephrine 

0J 

4 

E 


CDR 

SPT 

PLT 

COR 

SPT 

PLT 

nj 

.c 

o 

1. 

52.8 

14.1 

39.8 

82.0 

70.1 

63 1 

o> 

oT 

2 

42.3 

11,5 

24.7 

68.3 

66.9 

35 9 


3 

35.1 

13.5 

25.8 

61.6 

60.5 

42.8 


4 

49 5 

99 

25 8 

69.3 

78.3 

57.6 


5. 

42.8 

25.5 

38.4 

74 4 

82.5 

43.0 


6. 

53.3 

15.3 

30.9 

84.8 

88.0 

50.6 

a> 

n 

7. 

52.1 

29.3 

29.9 

65.6 

73.7 

44.0 

E 

TO 

8 

48.7 

22.3 

27 7 

49.7 

58.4 

30.5 

y 

c 

9. 

46.7 

21.5 

25.2 

53.3 

63.6 

26.7 


10 

41.8 

1.4 

21.7 

55.1 

53.6 

41.1 


11. 

46.7 

12 1 

265 

52.7 

668 

34 4 


12. 

47.6 

17.6 

33.5 

56.0 

66.6 

32.7 

. 0) 

13 

44.9 

11.4 

233 

700 

63.9 

46.5 

- -O 








o E 

Cl m 

14. 

31.5 

11.5 

20.0 

77 5 

64.5 

48.5 

.c 

u 

15. 

42.7 

14.1 

22.1 

87.7 

81.2 

60.7 


Epinephrine 


Norepinephrine 


FA = Between Treatments 

3.5286 

P< .005 

FB = Between Men 

154.5620 

P< .001 

FA = Between Treatments 

7.9418 

P < .001 

FB ■ Between Men 

80.9077 

P< .001 
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increases in phr»n«- excretion arc more 

closely associated with physical strains (Sudoh, 

1971). 

Regulation of Metabolic Processes 

Assessment of overall metabolic response to the 
SMEAT environment was based on as>a\ ol serum 
levels of glucose, insulin, human growth hormone 
(||(t ||) and thyroxine and thyroid stimulating 
hormone. Urinary levels of nine Iree amino acids 
completed the picture of metabolic regulation. 

(ilueose did not diller signilieanth from pro- to 
postehamher; likewise, insulin was not greatly 
changed. However, it is important to note on day 110 
poslchainbcr, the insulin wa> increased •>(! pen’cnt 
and the glucose was decreased Irom t h< v preehaniber 
mean. Changes in these parameters are considered to 


be ol primary eoneern lor long duration missions 
since bed rest, the most used analog to weightlessness, 
does produce alteration in glucose utilization 

(Lipman, 1970). 

(»rowlh hormone, assessed as an indication ol 
nutrient utilization, did not var\ significantly except 
in the SET on day 99 postehamher (Table I M 2). 

1 1 ii man growth hormone acts to increase blood sugar, 
increase plasma free fatty acids, and tower plasma 
amino acids b\ incorpora.ing them into proteins 
(Schalch. 1990), The significant rise in the SPI s 
HCII i> related to the increase in dietary protein 
allotted to him al this particular phase in the chamber 
lest. 

Plasma thyroxine and thyroid stimulating 
hormone results did not show significant changes 
(Table | | -Id). There were, however, trend increases 


Table 11 12 

Plasma Biochemical Results 


Human Growth 

Insulin Glucose Hormone 

jUU/ml mg/100 ml meq/l 


Prechamber Mean: 15.5 99.2 2.8 


Postchamber: 


Date 

Means 

Percent Change 

Means 

Percent Change 

Means 

Percent Change 

9-20 

19.0 

♦ 23 

91.3 

- 8 

3.9 

+ 39 

9-21 

24 7 

4 59 

110.7 

+ 12 

3.7 

+ 32 

9-25 

21.3 

+ 37 

96.0 

- 3 

2.5 

- 11 

10 5 

14.3 

-8 

92.7 

- 7 

4.7 

+ 68 


Table I 1-1 d 
Thyroid Parameters 


Thyroid 

Stimulating Hormone Thyroxine 
AiU/ml MS/IOOml 


Prechamber Mean: 5.3 6.3 


Date 

Means 

Percent 

Change 

Means 

Percent 

Change 

9-20 

48 

- 9 

6.6 

+ 5 

9-21 

4.5 

-15 

7.1 

+ 13 

9 25 

7 6 

+ 43 

8.5 

+35 

10-5 

4.4 

“17 

8.7 

+38 
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in thyroxine and decreases in thv mid simulating 
hormone. This trend has to be assessed in regard lo 
metabolic re<piiremenl> ol the chamber environment. 
There is cv idence that change.- in spa< »* flight do 
diminish metabolic requirement- ot the flight itrw> 
(Johnson d al., in press). 

<)l tin* .46 urinar\ amino arid.- analy/.ed, nine free 
amino acids showed statistical!) significant changes 
from the prcdiainher lo the po-tchamber period. 
These were as lollows: phosphodltam ilaiumc, 

glutamic acid, alanine, phenylalanine, tyrosine, 
gamma-amino hulvrie arid. Inidhyl histidine, and 
arginine. 

i Tanges in ammo acid excretion could result 
from increased tissue breakdown, overproduction or 
increased permeahilit) at the cellular level (Scare) , 
1969). Furthermore, the calaholic effect o! 
short-term increases in steroid production serves lo 
divert amino acids from protein synthesis and to 
enhance renal excretion of individual amino acids 
(Zinnernan el al., I 964). 

Since tliis is the first hypoharir ( handier study to 
(onsidcr amino acid excretion profiles, the results 
must he considered in relation to stress, exercise and 
nutrient balance, Because of the essentia! role of 
several traee metals in biochemical reactions, a 
spectrum of individual elements was examined lor 
changes due lo the chamber env ironment. The results 
of the analysis by optical emission spectroscopy 
confirmed earlier reports of individual variations: 
however, tin* results from tile SMKAT crewmen 
compare favorably with other published reports 
(Schroeder et al.. 1971). Although certain element 
excretions were different at certain times, there were 
no significant trends in all three crewmen. 

Summary and Conclusions 

Body fluids were assayed in this experiment to 
demonstrate changes which might have occurred 
during the 56-day chamber study in fluid and 
electrolyte balance, in regulation of calcium 
metabolism, in overall physiological and emotional 
adaptation lo the environment, and in regulation ol 
metabolic processes. 


There was a slight hut significant decrease in 
potassium excretion probably related to slight 
increases in urinary aldosterone and other metabolic 
mechanisms. 

Increases in antidiuretie hormone, when noted 
during the ehumber and postchamher periods, were 
related to environmental temperatures within and 
without the chamber. Body Hind losses were 
generally proportional to body weight losses. 

No changes indicative of altered calcium 
metabolism were lomnl. The constancy ol calcium 
balance in this study provides a stable baseline for 
interpretation ol Sky lab results. 

Decreases were noted in glueoeort ieoids. Similar 
decreases have been reported in altitude testing and in 
one space flight experiment, and these decreases are 
believed to relied decreased metabolism ol tin* 
steroid compounds in hvpoharie environments. 
Changes in catecholamine levels are marked by a high 
degree ol individual variability. 

The enhanced renal excretion ol amino acids 
noted mav be related to the calaholic cllcets ol 
steroid overproduction. This was the first by poharie 
chamber study lo consider amino acid excretion 
profile*' and flic results must lie considered in 
relation to stress, exercise, and nutrient halanee a> 
well. 

I he results ol this experiment provide a stable 
background lor the endocrine experiments being 
performed in the Sky lab missions. The SMKAT 
version of Kxperiment \1074 will make it possible to 
separate with more certainty than was previously 
possible weightlessness el feels from other conditions 
accompanying space flight. Further, the chamber test 
enabled perfection ol the logistics ol implementing 
this very complex experiment in orbital flight. 
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The sleep -monitoring experiment proposed lor 
the first two Skylah missions has been designed to al- 
low the first truly objective evaluation of man s abil- 
ity to sleep during extended space travel. While sub- 
jective reports of sleeping difficulty have been made 
by crews of some previous, shorter-duration llights, 
(Merry, 1970) objective or quantitative information 
has been sparse. Such information is obtained only by 
continuous monitoring of electroencephalographic 
(FF.G) and electrooculographic (FOG) activity during 
sice p periods, and the technical problems associated 
with data acquisition and analysis are considerable. 
Tin- only previous attempt to examine the FKG dur- 
ing U S. space flights was carried out during the 
Gemini VII mission in 1965; technical difficulties at 
that time limited recording to the first two sleep 
periods, thereby preventing an adequate analysis of 
adaptation to the weightless environment. 

Sleep deprivation is associated with degradation 
of performance and the severity of the performance 
decrement generally increases in proportion to the 
length of the sleep loss ((\aitoh, 1969). Because 
crewmembers are required to perform at a high level 
throughout their mission, their ability to obtain a 
sufficient quantity of sleep becomes an important 
variable in terms of overall mission planning and in 
the selection of day -to-day work-rest periods. 


The apparatus designed lor the Skylah sleep- 
monitoring experiment provides a complete system 
for automatically analyzing sleep during space Might. 
It includes data acquisition hardware, onboard 
analysis circuits, and real-time telemetry. During 
Skylah missions, a crew member s sleep "latu> i> 
monitored throughout selected eight-hour rest 
periods. Sleep-stage information (provided by an 
onboard analvzer) is telemetered to Mission Control 
where a profile of sleep stage versus time is 
accumulated. Analog data (FFG, FOG and head 
motion) is also preserved in unprocessed lorrn by 
onboard magnetic tape recorders to allow detailed 
poslflight analysis by visual and computer method*. 

The information provided by the Sky lab VI 1 33 
experiment will clarify whether or not then* is a 
problem in obtaining adequate sleep over a long 
period in the weightless environment, and it w ill also 
help to determine the best corrective measures to be 
taken so that the 1 effects on performance arc 
minimized. 

The SMFAT project provided an opportunity to 
test the Ml 33 hardware system under operational and 
environmental conditions closely approximating 
those expected during a 56-day mission. Simulta- 
neously, it permitted study of the possible el feels 
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upon sleep ol certain environmental (actors under the 
in I luencc ol gravity , llms providing a more meaning- 
fid ( valuation of t hr effect of u llrssnrss during 
(hr actual Sky lab flights. 

Equipment 

Description of Apparatus 

III. Ml. id hardware consists ol three basic units: 

1 . The cap assembly , including tin* recording cap 
with attached prclillcd electrodes*. 

2. The prcamplil i.r; accelerometer assembly 
which mounts on Llie cap and contains 
amplifiers. electroshock protection circuitry , 
and dual-axis accelerometers: and 

.3. l lie control panel assenthlv which contains 
circuitry lor automatic electrode checkout. 


final amplification, and EE(i and I'd Mi 
analysis, and which includes dual analog 
magnetic tape recorders. A block diagram 
showing the interconnections of these three 
assemblies is provided in figure 12-1. A 
photograph ol the actual equipment appears 
in Figure 12-2. 

(sip Assembly. A recording cap assembly is 
illustrated in Figure 12-3. Electrodes are joined by 
wires to the miniature electrical connector at the 
vertex, which permits the crewmember to attach the 
prcamplil ier/aceclcroriieler assembK be I ore the cap is 
donned. The rap contains seven electrodes, thereby 
providing two EE( i chaniicls(E j O | and oHI ‘ 

I’d Mi channel (one electrode lateral to and one above 
the left eye), ami one ground. At the end of a sleep 


fcAP T“ SHOCK PROTECT] 



Figure 12*1. Ml 33 automatic sleep analysis 
hardware block diagram. 
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Figure* 12-2. Ml 33 sleep-monitoring recording cap and 
attached preamplifier (lower right); control-panel assembly 
containing automatic electrode check, final amplification, 
tape recorders, and EEG-EOG analysis (upper left). 



Figure 12-3. Subject wearing the recording cap 
properly positioned. 


period, the preamplifier/acceleromcter is discon- 
nected, and the used cap is discarded. A new cap is 
used lor cadi recording session, eliminating a time- 
consuming procedure associated with can* o! list'd 
electrodes. A cross section ol one recording electrode 
is shown in F igure 12-1. 



Figure 12-1. Gross .section ol a pre filled sponge* elec trode. 


As a part of the manufacturing process, an 
electrically conductive gel is injected through the 
electrode's tab into the IkmI) of tin* sponge through a 
hollow needle until the porous structure heroines 
saturated. The needle is withdrawn and tin' tip 
rescaled with vinyl. The completed e le c trode is then 
attached to the cap, which may In* stored indefinitely 
in a melali/.ed plastic hag 

To prepare- for a recording period, the crew man 
simply removes the cap from its protective* bag. 
attaches the- preamplifier unit, and with scissors clips 
the scaling talis from tin- seven electrodes a> 
illustrates! in F igure* 12-5. The cap is donned, ami the 
exposed portions of t he - electrodes make* contact with 
the scalp. The* cap is he ld in place during a .sleep 
periejeJ hv a padeleel ehiu strap that is attached with 
Velcro fasteners. 

Preamplifier f Accelerometer Assembly , Matched 
pairs of field-effect transistors, providing a gain of 
approximately ten, preumplilv KK(J and R()f* signals 
within this unit. A dual-axis acceieromete*r and 
associated preamplifier are* included for delecting 
head motion in the lateral (side-to-side) and vertical 
(up-down) axes. The amplified signals pass through a 
four-foot cable (Figure 12-2) to the control-panel 
assembly which provides final amplification of the* 
signals. 
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Figure 12-5. Seqiienee lollowcd m preparing 
an electrode lor recording 

( tmitlrv within the preampld irr/ accelerometer 
assembly also provides electroshock protection (or 
tin* subject. Each electrode lead is actively prolcdt^l 
iigainsl current flow in excess ol 200 p \ (peak). 

Co n t rot -Pa n e l \ ssemhly. The control-panel 

assembly is moimhd on tin* wall of lli«’ >lrrp 
compartment within easy reach ol tin* subject. Y ronl 
panel eontrols include tlir power switch. a mode- 
selection switch , tape-recorder selection switch, and a 
subject gain-laclor potentiometer. I he circuitry 
accomplishes automatic signal amplification, 
electrode testing, and data analysis, and prov id< > 
outputs to the two attached analog magnetic tape 
recorders ami to the spacccralt telemetry system. 

The electrode-check section perlorms automatic 
testing ol each recording electrode |»e lore the sleep 
period begins. The trout panel contains a series ol 
indicator lamps, each representing one sponge- 
electrode sensor in the cap. I he panel lamps arc 
arranged in a configuration simulating their relative 
position on the lie ad. When the subject dons the cap. 


he moves the mode-selection switch from the off to 
the test position, therein activating the lest circuitry. 
A small test current (I0p\) passes through the 
single ground electrode to each ol the six recording 
electrodes, and the amount of current passed by each 
electrode is sensed to provide an indication ol 
inlereleclrode resistance. If a given electrode is in 
proper scalp eontact, its resistance will be 
50,000f2 or less, and this condition is indicated by 
illumination of the corresponding lamp on die panel 
display . Improper contact, signaled by lailurc ol any 
lamp to illuminate, usually can be resolved by slightly 
rocking the involved electrode to position the tip 
through the hair and against the scalp. 

The data analv sis equipment is designed to meet 
the limitations imposed by space flight. In order to 
supply sleep-stage information in near real time, while 
still minimizing telemetry time and bandwidth, most 
of the data processing is accomplished by the 
panel-assembly circuitry. Since the unit's output is 
expressed in terms of sleep stage (i.e.. restricted to 
one ol seven possible slates) and changes only slowly, 

I he information eonteiit can be telemetered 
adequately by transmitting only three bits at a rale ol 
1 .25 samples/ sec (as opposed to approximately 
5200 liils/ scr which would be required to transmit 
tile unprocessed (Jala). 

The established criteria for evaluating sleep are 
[tast'd upon changes in the EEG and E0(» patterns 
which accompany behavioral and physiological 
changes during the transition from the Awake 
condition to one of deep sleep. The Awake slate is 
ly picallv characterized electroenc ephalographically 
by alpha aetivity (0-15 Hz) and/or low -amplitude, 
generally mixed-frequency activity. Stage I, or very 
light sleep, is indieated by low -amplitude, irregular 
EK(I signals ol a lower frequency (5-7 Hz) than the 
Awake state. During Stage 2 sleep, the KEG exhibits a 
somewhat random frequency and low-amplitude 
background activity upon which is superimposed 
sporadic hursts of 12- 1 4 Hz activity (sleep spindles) 
and/or relatively high-voltage transients exceeding 
0,5 sec in duration (k complexes). 

Stage 5 is identified by the occurrence of high- 
amplitude (>75 uV) activity of less than 2 Hz which 
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is present between 20 and 50 permit of tin? time, 
while Stage 4 is characterized by the presence of such 
aclivilv more than .)() percent <>l the lime. 4 he rapid 
eve movement (REM) sleep stage has been highly 
associated with dreaming and is characterized by EKE 
signals similar to Stage I in appearance, hut it is 
differentiated by the occurrence ol rapid, jerking- 
type eye movements a> detected by the EOG. A 
seven th category, Stage <>, has been included to 
indieate interruption of data or the loss of 
physiological signals. 

EEC 1 alone is used to determine Stages Awake, I, 
2, d and 4 ol sleep. KEG and EOCr signals diiler- 
entiate Stage REM, and the EEC# and accelerometer 
outputs delineate periods that are likely to he 
contaminated by artif actual signals. 

The EEC ; analysis considers activity in the 
0.7*14 Hz range which is derived irom either ol the 
two channels available (left EEC# , GjOj, or right 
KEG , C ^^2 > electable from front panel control). The 
circuit functions as an amplitude-weighted frequency 
meter for the dominant EEC# activity. Each of the 
three comparators is set to detect a different signal 
amplitude: high, or I 00 percent: intermediate, or 
twenty percent; and low, or one percent. The input 
EEC# signal gain factor is adjusted once for each 
subject so that the average peak amplitude of the 
subject’s eve s- closed , waking EEC# is made to fall 
midway between levels 2 and 4, or approximately 
60 percent. Consequently, the higher voltage activity 
during sleep frequently will cross the third level, 
whereas the lower voltage signals of Stage I usually 
will exceed only levels I or 2. 

The bistable circuit, following the level I and 
level 2 comparators, triggers the negative pulse 
generator only if level I and level 2 arc crossed 
successively in a negative-going direction. 1 he number 
of standard amplitude pulses produced by the nega- 
tive-pulse generator is therefore proportional to the 
dominant frequency of the LEG and is relatively 
independent of minor inflections. The positive -pulse 
generator, whose output is one-half the amplitude ol 
the negative-pulse generator, triggers each time the 
voltage exceeds level 4. The pulses from the two 
generators enter the mixer amplifier, which supplies a 
composite pulse train to the integrator circuit. The 


integrator has a rise and fall lime constant ol Msec, 
and consequently its output is a voltage level largely 
dependent upon the number and polarity ol pulses 
recorded during the preceding I 0-see epoch. 

With respect to its effect on the integrator circuit 
output, an EEG wave ol very low voltage, i.e., not 
exceeding level 2, lias zero value; an intermediate 
amplitude wave has maximum value (negative pulse); 
and a high-amplitude wave (exceeding level 4) lias a 
value of 50 percent since it produces a negative pulse 
and a positive pulse ol one-hall the amplitude. I his 
permits the progressive decline in frequency and the 
general increase in amplitude, which occur with 
increasing sleep depth, to be elledivek utilized. I he 
individual’s EEG state is consequently expressed a> a 
voltage level at the output of the integrator. The 
Awake stale is associated with the highest output 
voltage, while progressive stages ol sleep are 
accompanied hy correspondingly lower output tallies. 

The integrator voltage enters a series ol compara- 
tor circuits in the output section where it is compared 
to previously determined voltage ranges, each 
corresponding to one of the clinical sleep >tages. 
Thus, while the EEG analysis output remains within 
the range specified for a particular sleep stage, a 
constant voltage is supplied to the corresponding 
output line of the analyzer. 

The KEG analysis section usually classifies Stage 
REM sleep as either Stage I or 2 due to its similiarily 
in Irequency and amplitude; however, true Stage 
REM is distinguished hy the occurrence of hursts ol 
rapid, jerking eye movements. Although these events 
are sporadic throughout a REM period, they typically 
occur with a frequency of at least one recognizable 
event in each 40-sec epoch. In true Stage 1-2 sleep 
these events arc not present. The REM-deteetion 
circuitry detects events in the EOG channel which 
may be rapid eye movements and indicates Stage 
REM when such events occur during an ERG period 
representative ol Stage I or 2. 

EOG activity enters the REM -detection section 
and is passed through a filler which limits the 
response to the 2.0 -4.75 Hz range, thereby optimally 
separating true REM \s from EEG# activity, which is 
also detected by the EOG electrodes, slow eye 
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movements, and nimrmrnl artifacts. The signal then 
enters llh* KOI I -transient detector which detects (lit 
occurrence ol rapidly rising MHi wave forms tfial 
exceed a v alnc ol 2.»0 percent of either llir average 
|m > siti\ e or llir average negative peak voltage ol the 
simultaneously occurring I I (i signal. Averaging 
occurs cant inuoiisly over la mt. \ change in KK(I 
background-activity level (luring llir sleep period 
results in an automatic resetting « »l’ llir M M i - 

detection rrlrrrlirr It * v i ‘Is lo proper rrlalivr values, 
thereby turllnr mmimi/ing llir chance ol false 
triggering l>\ transient KK(i wave forms tlial ma\ also 
he tlrlrt lril |») the 1.0(1 electrodes. I lir rrmaimlrr ol 
llir logic circuitry permits an output itiiliralioti ol 
Stage ivl.M tilth il ihr follow ing criteria an* mrl: 

1. All I'.OU r v m t i> delected | »\ the |- Ol i 

transient detector. 

2. No I'.r.li event is detected |»v ail l\M»- 

traiisirnl ilrlrrtor within a linn window 
r\ lending Irom I . I mt he I ore until ! \ sec 
alter tln v 1.1 Mi rvrnl. and 

i llir KM! analysis section indicates the 
presence ol Slaves I t>r 2 sleep. When these 
conditions ar<‘ mrl. a 10-scc output indiralion 
t>l Stage IvKNI occurs and is Ird lo thr output 
section where its presence >upcr-*cdcs llir 
sleep-stage output ol llir KK(i atial% sir* 
section. Since rarh |{KM resets thr 20-scc 
tinirr. il Ivl.M > an 1 drlrrlrd with a frequency 
exceeding tun' per 111 see, a continuous 
output imliration of Slap* KKM will orrur. 

[In* exeessiv » -amplitude detector mill imizt's llir 
orrurrmrr of ial>r sleep-stage determinations li\ 
disabling llir KM* analysis section and llir KKM- 
drlrrlion section during and tor 1 sec following the 
occurrence ol an excessively liioli (i.r., noil- 
jdiy siologicul) KM* signal. I’liis prevents a * hange in 
llir sleep-stage output srriion as a result of an 
artilarlual signal (such as lliosr eatisi d b\ movrmrnl 
of thr subject). \ dual comparator produce?* a trigger 
pulse il eilhrr llir positive or negative phase of the 
KM', signal voltage rxrrrds a value ol 600 percent 
(using tin* same relative amplitude scale here as in tin* 
KI'Ji anal) sis srelion). which is considered to he in 
excess ol thr physiological range. I hr resultant pulse 
triggers a 4-sec artifact-detection timer which in turn 
operates thr disabling relay for tlir f see period. 1 1 


the timer receives trigger pulses al a ra to equal lo or 
exceeding one per f sec. the disable rrlav will remain 
artivatrd eontimiouslv . 

The accelerometer contained in the preampli- 
lier/aeeeleromeler assembly serves as another mean> 
lor deteeling peri^wls when artilaelual eoiilatnination 
is highly probable. Head motion produeo an oiit|>ut 
voltage proportional to the rapidity of the motion. A 
ndatively higli-v « »ltage output from ibis device is 
there I ore more likelv to lie associated with artifact. 
The accelerometer eornparalor in the artifact- 
deleilnm MM-lion i> ?*el m> that il i> triggen*d h\ 
voltage^ equivalent to changes in acceleration of 
approximate!) 0.2 g in either the vertical or lateral 
axis. When triggered, the accelerometer eornparalor 
resets the l--ec artifact detection timer, and the 
disable rr|j\ i> activated lor the duration ol and lor 
[ see following the movement. 

Outputs Irom the six sleep-stage comparators and 
tlie KKM indicator are combined in the output 
section ol the anal) sis cireuitrv b\ an analog adder 
which drives the single output line to the spacecraft 
telemetry s\slem. I nproeessed analog KK(r. K0(i and 
head-motion signals are also pn‘served on magnetic 
tape by the n rordtrs included in tin* Ml. 'Id panel 
assembly . kaeh recorder is capable of storing 1 .10 hr 
ol data. h\ switching from one recorder to the other 
it is possible to con line tape changes to the end of tin* 
mission. 

Data Display 

During each sleep-monitoring period throughout a 
Skvlah Might, the telemetered sleep-stage information 
is relaved Irom the various ground tracking stations 
to Mission (.ontrof. True real-time data is available for 
a lew minutes md\ during each pass over a ground 
station. In the frequent periods when the spacecraft is 
out of communication range, data is accumulated 
onboard by the spaceeralt telemetry recorders and 
transmitted to ground at a high rate during the passes 
over tracking stations. The information recorded in 
the control center during a sleep period is con- 
sequently somewhat sporadic, ranging from real time 
to delays ol up to approximately two hours. Data 
processing equipment in the control center collates 
tlie incoming data and preserves the time relation- 
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ships so that a complete profile ol sleep stage versus 
elapsed time eventually will evolve. 

Video consoles in the control center display the 
data graphically, permitting an estimate of sleep 
quantity and quality on a near real-time basis. At the 
conclusion of a sleep period, hard copies ol the 
complete sleep-stage profile an* made available, as are 
romplele statistical evaluations of various sleep 
parameters (e.g., total sleep time, time to lall asleep, 
number of arousals, percent stage time, number ol 
sleep eyeles, etc.). 

During SMI, AT, the Spacecraft telemetry system 
was simulated by a hardware interface between tin* 
panel assembly output and monitoring apparatus 
located outside the SMEAT chamber. No attempt was 
made to duplicate the intermittent nature of actual 
Sky lab data transmission, and consequently the data 
were recorded in an online, real-time fashion through- 
out the sleep periods. Tin* role of the Mission Control 
data-processing equipment was easily simulated in the 
SMEAT situation by utilizing a specially designed 
data display console which received the seven discrete 
sleep-stage output voltages from the panel assemblies. 
This unit provides the following simultaneous display 
modes: 

1. Visible indication of the subject's current 
sleep stage bv means of panel indicator lamps, 

2. Cumulative, numeric digital display (in hours 
and minutes) of the total amount of time 
spent in each sleep stage, and 

3. Stepw ise:, graphic recording of the subjects 
sleep-stage progression versus lime. 

The display console was readily visible to medical 
observers throughout the SMEAT series of recordings, 
and the graphic plots were utilized daily to assess the 
quality of the previous night s sleep. 

Procedures 

Of the three SMEAT crewmembers (commander, 
pilot, and scientist pilot), two, the commander (O)R) 
and the scientist pilot (SET), were originally 
designated to participate in the Ml 33 experiment. 
Although during the Skylab missions only one crew- 
member will be involved during each flight, two were 


monitored during SMEAT in order to accumulate as 
much experience with the hardware as possible. 

Pre-SMEAT Baseline Testing 

Baseline -Indies were conducted on each of the 
seleeted rrewmembers ((!|)R and SET) and upon the 
backup subject (PET) prior to the start ol SMI A I . 

Initially , a standard clinical electroencephalogram 
was performed under laboratory conditions. During 
this procedure precise amplitude determinations were 
made during the Awake condition lor the purpose ol 
calibrating the \l 1 33 panel assembly gain 
potentiometer. Each crewmember was (lien 
monitored during three consecutive nights ol sleep in 
his own home, using DVTl hardware identical to 
that utilized in the SMEAT chamber. Since online 
telemetry was not used during these recordings in the 
crewman's home, data were analyzer) oilline alter 
playback of the analog tape recordings. Finally, one 
night of recording was carried out on each ol the 
participating crewmembers ((>|)R and SET) during 

the SMEAT dry run (6/30/72) in which SMKAi 
hardware was utilized and the online telemetry 
system was tested. 

SMEAT Schedule 

Although the SMEAT VI 1 33 schedule was 
originally planned to exactly duplicate the timeline ol 
a 36 day Sky lab mission (i.e., recording on nights 3-3, 

8, II, 14, 17, 20. 23, 26, 29, 32, 33, 38, 41,44,47, 
30, 32-34), a number of unexpected events 

necessitated several changes in the plan. Table 12-1 
summarizes the actual recording nights and 
indicates the crewmembers involved. 

At the conclusion of each sleep period, the 
display console timer readings were recorded to 
provide the first stage in the data analysis procedure. 
These values indicated the time (in hours and 
minutes) occupied by the recorded sleep period as 
well as individual cumulative times for each of the 
seven stages as distinguished by the automatic 
analysis circuitry. 

The display consult* readings were later modified 
by careful interpretation of the strip-chart record 
(also produced by the display console) which showed 
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Table 12 1 

Summary of Nights on Which 
Sleep Data WVrr Recorded 


Date 

Mission Day 

Crew Member Kecorded 

cim 

SPT 

PLT 

7/2H/72 

3 

X* 

\ 


7/30/72 

4 

X 

\ 


8/2/72 

5 

X 2 



8/5/72 

8 


\ 

X 

8/5/72 

11 


\ 

X 

8/8/72 

1 \ 


\ 

X 

8/11/72 

17 


\ 

X 

8/11/72 

20 


\ 

X 

8/17/72 

23 


\ 

\ 

8/20/72 

26 


\ 

X 

8/23/72 

20 


X 

\ 

8/26/72 

32 


\ 

x 9 

8/20/72 

35 


3 

x 9 

0/1/72 

38 


X 

x 9 

0/4/72 

41 


\ 

X 9 

0/7/72 

44 


\ 

X 9 

0/8/72 

45 


\"> 

5 

0/10/72 

47 


6 

X 9 

0/13/72 

50 


7 

X 9 

0/15/72 

52 


X« 

X 9 

0/16/72 

53 


\ 

X 9 

9/17/72 

54 


X 

X 9 


U)i»e and out* half hr only ; rap removed dm to irritation at 
electrode sites. 

^Two hr only ; cap removed due to irritation at electrode 
sites. SPT did not run; no cap available ol* correct size. 

‘^DVTU #2 was out of chamber undergoing tests for 
possible malfunction of electrode cherk 

^DVTU #2 was out of chamber for repair of power supply. 

^SPT ran using PLT's unit (qualification unit) 

^SPT did not run due to skin tests in progress. 

^SPT did not run; schedule misinterpretation. 

^Training unit was substituted for DVTl *2 and used for 
remainder of tests. 

9 Automatic analysis only; recorder malfunction caused loss 
of data for visual analysis. 

l^No vabd data obtained; recorder malfunction caused loss 
of data for visual analysis. Display console malfunction 
resulted in loss of automatic analysis results. 


the progression of sleep stages over time throughout 
the sleep period. Such changes often included altera- 
tion of the Stage REM time which resulted from 
smoothing of the RFM periods as well as elimination 
of certain arlifadual components (eg., occasionally 
the display console was not turned off precisely at 
the conclusion of the sleep period, resulting in 
accumulation of excessive amounts of Awake time. 
This occurred because in the simulated telemetry 
scheme the true Awake state was represented by 
zero-volts output, and this situation also occurred in 
the power-otf condition.) 

Interpretation of the strip-chart sleep profile also 
provided determination of the sleep latency (time to 
attain Stage 2 sleep), the total sleep time (total time 
in Stages, 1 , 2, 3. 4. and RFM), total sleep percentage 
(total sleep time divided by total sleep period time), 
an<l the percentage of the total sleep time occupied 

by each of the sleep stages ( 1 , 2, 3, 4, and RFM). 

At the conclusion of the 56-day SMEAT mission, 
the analog magnetic tapes were retrieved and played 
hack to produce continuous polygraphic records (al 
5 cm/ see) of the FF(». FOG, and head-motion 
activity throughout the sleep periods. These data 
were then visually interpreted by standardized criteria 
(Reclitschaffeii el al., I%8) to provide a final report 
for each night of sleep. The final report included the 
following items; total time of rest period, sleep 
latency (time until first Stage 2 occurs), RFM latency 
(time until first Stage RFM occurs), total Awake 
time, total sleep time, total Awake percent, total 
sleep percent. Awake time lor each third of the night, 
and number of arousals. RFM time for each third ol 
the night, and numl^er of RFM periods, absolute time 
in each 'stage of sleep, percent of total sleep time 
occupied by each stage of sleep, and a graphie plot of 
sleep stage versus time throughout the night. 

Post -SMEAT Baseline Testing 

Alter termination of the 56-day SMFAT mission, 
three consecutive nights of sleep monitoring were 
carried out in the two crewmembers’ homes, follow- 
ing the same procedure as during the pre-SMEAT 
testing. 
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Results and Discussion 

Operational and Hardware Factors 

A number of hardware-related problems arose 
during the SMEAT run which resulted in a significant 
number of data-loss periods and in changes made to 
the Sky lab hardware configuration. 

Further testing on the CDR was canceled after 
the third scheduled recording night (day 5). 1 he 
subject developed a generalized headache shortly 
after putting on the cap on the first scheduled night 
(day 3), and he removed the cap after approximately 
one to one and one -half hours of recording. Swelling 
and induration at the electrode contact sites was 
noted, and this condition persisted throughout the 
next day. A larger cap was tried during the next 
session (day 4), and recording was successful for the 
entire night with no problems noted. On day *5, 
however, the problem recurred and required removal 
of the cap alter two hours. Since the CDR appeared 
to have an allergic-type response to some component 
of the electrode assembly, no further recording 
attempts were made with him. Dermatological patch 
testing was carried out during the latter portion of 
the SMEAT mission, and the results appeared to 
confirm the sensitivity of the CDR to the electrode- 
electrolyte material. 

A somewhat similar problem, but of much lesser 
degree, was experienced by the SPT, beginning at 
approximately day 32. lie occasionally noted a slight 
burning, tingling sensation around the EOC 
electrodes, and during the following day these areas 
appeared somewhat indurated and slightly swollen. 
Skin tests on this subject were inconclusive, and 
recording was continued for the duration of the 
mission with no increase in severity of the symptoms. 

The PLT, who sul^tituted for the CDR after 
day 5, experienced no undue reactions, and successful 
recordings were mafic during all the scheduled 
periods. 

Patch tests were scheduled for all Skylah crew- 
men participating in Ml 33 in order to ensure that no 
similar problems would occur. 


Although the quality of the recorded data was 
generally good throughout the SV1KAI lest, post- 
SMEAT visual analysis revealed oeeasional periods of 
artifaetual contamination of the EEC ebannels and, 
more rarely, of the EOC. In most instances, one EEC* 
ehannel nr the other remained of acceptable quality, 
thereby permitting successful post mission visual 
analysis in terms of sleep characteristics, hut if the 
channel undergoing analysis by the automatic system 
became of poor quality, the telemetered data were 
degraded for the duration of the problem. It is 
possible to switch the EEC ehannel utilized by the 
automatic analyzer by means of a front panel control, 
but when all three crewmembers have simultaneous 
rest periods, as they did during SMEAT, tin -re is no 
one available* to make the c hange. Since this situation 
also exists during Skylah, two changes in the* cap 
electrode configuration have been made* to increase* 
the reliability of the data-acquisition sc heme and to 
make it unnecessary to switch EEC channels in order 
to eliminate the influence of artifac ts. 

The ground electrode, which was originally 
located just anterior to die left central (C|) EE(» 
electrode, was moved to a location on the 
K forehead. This insured a more reliable contact of 
the* ground electrode with the subject since the 
forehead is devoid of hair. 

The two central EEC electrodes (C| and l ,avr 
been electrically tied together to form one composite 
electrode. The two occipital EEC electrodes (0 1 and 
O 2 ) are similarly tied together to form a second 
composite. A single EEC derivation is obtained by 
recording between the two composite electrodes, and 
this signal is led to both EEC channels. I he single 
RFC channel is highly reliable, since loss of contac t 
of either of the central or either of the occipital 
electrodes will not degrade the signal. 

Laboratory tests carried out since the* conclusion 
of SMEAT have proven the effectiveness of these* 
modifications in over 56 instances of all-night 
recording. 

At the conclusion of the SMEAT mission, the 
Ml 33 panel assemblies were removed from the test 
chamber and returned to the laboratory where the 



12-10 


SKY LAB MEDICAL EXPERIMENTS ALTITUDK IKS'! 


tapes were removed In permit filial analysis. A I dial 
time it was discovered ll ta I tin* tape reels on the 
Ouahliealion Unit had Ihtii improperly installed at 
(hr time of tin* midiitission change ol tapes (day 30). 
As a result, tape motion had bevn prevented during 
tin* rutin* second hall ol tin* test series (days 32, 35, 
30, H, 43, 15, 47, 50, 52, 53, 51). This data loss 
precluded v isual analysis ol tin* 1*1/1 s sleep charaeler- 
islirs (ui those days. 

Since it is necessary to make a similar change ol 
tapes between tin* first and second Sky lah missions, 
tin* crew checklist was revised to contain a warning ol 
this possible c ondition. 

Sleep Characteristics 

In spil<* ol tin 1 hardware' problems noted above, it 
was possible to obtain comprehensive data concerning 
the sleep characteristics ol the PIT and SPT. The 
online, real-time display ol the deep information 
worked satisfactorily, making it possible to provided 
daily status report ol the crewman's sleep quantity 
and ipialilv lor the previous night. Post SMI AT visual 
analvsis of the available data permitted a comprehen- 
sive tabulation of sleep characteristics ami allowed a 
retrospective evaluation ol the validitv ol tlie online 
results. 

The result.- ol post-SMI*. \ I visual analysis ol tin* 
recorded data for the SPT are presented in 
Tables 12*2 and 12-3. It is obvious from inspection of 
the results that the SPT exhibited a considerable 
alteration m his sleeping patterns during the 56-day 
SMKAT mission. This is demonstrated graphically by 
Figure 12-6, in which selected parameters Irotu the 
results of visual analysis (Tables 12-2 and 12-3) have 
been plotted versus time. Compared to the prr- 
SMK YJ (B-l, H-2 and B-3) and post-SMI* AT (P I , P-2 
and P-3) baseline recording night-, the most notice- 
abb* changes occurred in the sleep latency and total 
sleep time characteristics. The sleep latency, or time 
to I all asleep, which averaged 23 min (range 
IB-31 min) during the pre-SMK VT studies and 24 min 
(rang** 6-47 min) during tin post-SMK \ I recordings, 
averaged I hr and 6 min during the SMI/ AT period 
with a range of 17 min to 3 hr and I 7 mill. 


Total sleep time for the SPT, which averaged 6 hr, 
26 min before, and 7 hr, 4 min after SMKAT, 
averaged only 5 hr, 6 min during SMKAT. Analysis ol 
variance, comparing test nights with pre- and post 
mission values, revealed that total sleep time was 
significantly reduced during die mission (F = 16.54, 
p<0.0l). While most of the reduction in total sleep 
time ran he accounted lor by the increased sleep 
latency , a portion, at least on some night-, was also a 
result of fairly lengthy arousals during die iirsl 
portion of tin* night. The SPT thus spent a greater 
percentage of hi- time awake during die first third of 
the night than he did during either the pn or 
post SMKAT bar line -Indies. 

The quantity of sleep during the second and final 
thirds of the night tended to Lx* fairly typical ol the 
baseline result-. During the pre -SMKAT series, the 
average Awake time during the second and final 
thirds was 6 and 10 nun, respectively. The 
corresponding values for the post -SMKAT recordings 
were 6 and 3 mm. During the SMKAT mission these 
figures were 10 ami 6 min, respectively, an 
insignificant change in either ease. 

In spite of the significant reduction in total sleep 
time, the sleep quality of the SPT, in terms ol tin* 
sleep-stage characteristics, was changed relatively less, 
as indicated in labb* 12-4. which shows average 
values obtained from the tables ol visual analysis 
resu I ts . 

The average Stage RKM time remained unchanged 
during SMKAT in spite ol considerable day-to-day 
fluctuation. \ .slight increase ol RKM time was seen 
during the post-SMKAT baseline studies. This increase 
was fou ml to be significant at the 0.05 level of 
confidence ( K 7.65. lor 2 and 18 degrees of 
freedom). 

A reduction of Stage 3 and 4 time during the test 
nights, as compared to the pre-SMEAT baseline 
nights, was also evident and was significant at the 
0.01 level of confidence (F - 12.91 for 1, 18 d.h). A 
further decrease in Stage 3-4 time occurred during the 
posl-SMEAl baseline nights as compared to the 
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Table 12-3 

SMEAT Ml 33 Experiment Visual Analysis Results - Part 2 
(Time in hours and minutes) 
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Figure 12-6. Visual analysis results graph for SPT (Thornton) covering entire study. 
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mission night", ami, while this was significantly 
different Intm the pre-SMI. A I values (|» <2 0.0 1 ), it 
was not significantly different from tin* mission 
period. Since Stages 2 and 4 are known to occur 
predominantly during the first half of a nightly sleep 
period, while Stage 2 and REM predominate during 
the latter half, the decline in Stage 4-4 in this case 
would logically appear to he a result of the 
disturbances in sleep quantity during the first third of 
the night as described previously. I his may not be the 
only factor, however, since the reduced percentage of 
Stages 4 and 4 persisted throughout the postinission 
baseline nights in spite ol the faet that both sleep 
lulencN ami first third Awake time had returned to 
prrmission levels. 


Table 12 4 

Sleep Quality for SET 
Ur lore. During, and After SMI AT Exercise 



Vc Stage 1 
Time 

7c Stage 2 
rim*- 

T j* Stage 3 
and X 
Time 

f /t Stage 

REM 

Time 

Pre -SMEAT 

Average 

to 

48 

20 

12 

SMEAT 

Average 

7 

r>7 

12 

23 

IW SME AT 

Average 

0 

62 

1 

29 


A significant drop in Stage I time occurred during 
the mission compared to tin prc-SMEAT nights 
(p <0.05, F- 5.02 for 1, IBd.IV). The post-SMEAT 
Stage I time remained depressed compared to the 
pretest period. Although there was no statistical 
difference in Stage 2 time between the prrmission 
and SMFAT periods, the post-SMEAT Stage 2 time 
increased significantly (p < C0.()5, K — 4.1 for 2. 

IHd.fV). 

It must be concluded that, in the case of the SPT, 
there was a significant alteration of sleeping 
characteristics during the period of the SMEAT 
mission. The causes of these changes are not evident 
from the results. 


The I’LT exhibited no obvious change in his sleep 
quantity characteristics. Figure 12-7 graphically 
displays many of his visually determined sleep 
characteristics. Rased upon the results of visual 
analy sis, the total sleep time, which averaged 6 hr, 
21 min before, and 6 hr, 52 min after tin* SMEA1 
mission, averaged (j hr, 47 min during SMEAT. This 
difference did not achieve statistical significance. 
Similarly , the sleep latency during SMEAT averaged 
9 min. as compared to a value of 9 min before and 
6 min after the mission, again not statistically 
significant. Although these averages do not include 
data after day 29 (because of the tape recorder 
malfunction), the result" of automatic analy sis, which 
correspond closely with those of visual analysis for 
the days on which both sets of data were available, 
confirm that no change of significance occurred 
during the latter hall ol the SMEAT test. (See 
Tables 12-5, 12-hand 12-7.) 

As illustrated in Table 12-6 and Figure 12-7, the 
sleep quality also remained relatively constant 
throughout SMEAT, although some alterations of a 
relatively minor nature were found. Table 12-8 
compares the average percent sleep-time character- 
istics of the SMEAT period with those of the pre- and 
posttest baseline nights. 

Analysis of variance revealed no significant 
differences in the Stage I time for pre-, test ami 
posttest condition*. Likewise, no statistical 
differences were obtained for Stage 2 time. 

The Stage 4 and 4 time (combined) showed a 
slight increase during SMEAT, and this change is 
significant at the 0.01 level of confidence (F - 20.1 
for 1,11 d.f.). This Stag** 4-4 increase is in contrast to 
the results obtained for the SPT, where a reduction of 
approximated the same magnitude was obtained. 

The slight reduction in percent Stage REM during 
the SMEAT period was not significant. An increase in 
percent REM time was also seen in this subject during 
the post-SMEAT recordings but w as not of statistical 
significance. 

It is concluded that the PET was able to obtain 
sleep of adequate quantity during the SMFAT 



SLEEP-MONITORING - EXPERIMENT M 133 


12-15 


ft 

c- 


V 

cc: 


55 Z 

> 3 


LI 

I 

A) 


T8 S 

i 2 

> 5 


c s 

1) • — 

§ o i 

E 

2Lb 

x 

LsD 

CO 




«— * 
d 

V ft) 

M C 

8 

8 

8 


8 

8 

8 

8 

8 

8 

8 

8 


CM 

O 

8 

-* 

0 

H 

m ° .5 

<M I 

(O H 

6 

6 

O 


o 

d 

o 

o 

o 

5 

o 

o 


o 

o 

o 


T3 

0) ki 

1 

co 

CM 

1 

1 


8 

oo 

o 

1 


8 

| 



CM 


rt _ ^ 

■ 


H 

1 

■ 


i 


rH 

I 


l 

1 





3 42 

■ 

■ 


■ 





HI 



■ 

■ 


■ 



o ^ 


■ 


■ 






m 








i •- c 

B 

B 

00 

■ 

OO 

C**“ 

00 


LA 


LTN 

H 

■ 

CM 

H 

CO 


< j= rS 

■ 

■ 


■ 





a 


■ 

■ 





H 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 


■ 

■ 

■ 







































No. 

(b 

1st 

I 

la 

I 

1 



1 




LA 

| 

1 

I 




Li w 

ft) «— i 




■ 

1 




■ 




| 




* 

£ rt 




■ 

■ 




1 




■ 






VO 

LA 














ON 

o 

H 

3 ° 0 

Z * 


H 

<M 

I 

i 













< 




■ 

■ 








■ 





TJ 

H 

lA 

CO 


oo 

CM 

0O 

oo 

3 

la 

CO 



H 

no 

H 


O 

O 

o 


o 

o 

rH 

o 

O 

o 

o 


O 

O 

O 



6 

6 

6 


~o 

o 

o 

d 

o 

d 

o 

o 


o 

O 

d 


ft) . — . 

c <n 

V 

. . . 












V 




.5 TJ 

H 

PO 

o\ 


8 

CM 

LTV 

o 

IA 

i 

vO 



CM 

H 

CM 


H -H T) 

O 

o 

o 


H 

O 

CM 

O 

o 

o 


O 

O 

O 


-C c 


















« H ^ 

5 >• 

O 

o 

o 


o 

O 

o 

o 

O 

o 

o 

o 


o 

O 

V 

o 



















£ x> 



















on 

00 

CO 


I s - 


CO 

oo 

v0 

oo 


H 


• — 

LA 

LA 


W 

O 

o 

o 


O 

H 

rH 

o 

rH 

O 

H 

H 


c 

o 

o 



6 

6 

6 


o 

o 

o 

d 

d 

d 

d 

o 


o 

o 

d 






■ 


■ 







■ 


■ 



-T -M ft) 

o 

LTV 

VO 












Bj 

On 


5 ^ P 

H 

i — 1 

CM 













O 


** s t! 

o ^ .t: 

h < h 

6 

6 

d 

1 



1 






1 


g 

d 

■ 


















1 

KC 

Cvl 

vO 

oo 


la 

vO 

o 

o\ 

CTn 

H 

c- 

1 — 


CO 

CM 


| 


< — i 

O 

o 


o 

rH 

rH 

o 

C 

o 

H 

o 


o 

O 

o 


HE 

6 

6 

o 


o 

d 

o 

o 

d 

o 

o 

o 


o 

o 

o 

. 


«— 1 (V 
O ® ^ 

CM 

D- 

vO 
1 J- 

CM 


~r 

la 

no 

ro 

On 

rH 

H 

CO 

8 

H 

£ 

LA 

CM 

C\ 

IA 

| 

co 

r- 

H 

or> 

ON 

C^~ 


H to 

o\ 

Efi 

ON 


O' 

C T> 

Ox 

ON 

On 

On 

ON 

1 

On 

On 

On 


^ cl <u 

vO 

CM 

vO 

■ 

1 

I 

rH 

CM 

O 

CM 

vO 

ON 


O 

oc> 

co 


2 y e 


CM 

LTV 

■ 

H 



o 


CM 

H 

H 


CM 

1 — t 

LA 


o jj *5 
H co H 

LT\ 

vO 

U 

1 


g 

B 

d 

sD 

v0 

vO 

d 


vC 


|vL‘ 





■ 

| 














O 

vO 

00 

H 

■ 


OO 

r-- 


CM 

OO 

vO 

00 


O 

r- 

H 


* *r 

lT\ 

on 

ra 



o 

i — i 

nO 

rH 

co 

-T 

CO 


co 

CM 

LA 


-W M 

• • 

• « 

n 





«• 

«« 

• • 


« , 


• * 

* . 

. . 


o o 
H & 

la 

vO 

B 

1 


r- 

1 



VO 

V0 

A- 


vO 


r*- 

Day 

No. 

El 

CM 

cp 

1 

CO 

rH 


r~- 

o 



1 

■ 


1 

' CO 

CQ 

PQ 

1 


rH 

rH 

rH 

CM 



1 

■ 


1 

Li 




































































































12-16 


SKYLAH MEDICAL EXPERIMENTS ALTITUDE TEST 


sC 

C'H 


!9 


.£ /f 

X 4 } 

5h — 

1 I 

< E 


^ c 
c T 

£ E 

a. H 


*> 

C/T 


ct 

l> 

w> 

rtj 

■M 

</5 


2 

w 

as 


2 

w 

cc 

v 
0 c 
* 
•*> 


V 

00 

*-» 

CO 


V 

00 

* 

4 -* 

V) 


V 

00 

<0 

*-» 

to 


*> 

00 

K 

** 

to 


>■ 

€■ 

Q 


c Jfj 

TJ 

M 

** 

1? 

o 

iO 

-4 

o 

nr 

in 

o 


lT\ 

LO 

6 

OJ, 

d 

m 

nr 

o 

ao, 

rr 

o 

IT 

-4 

d 

OJ 

pf 

_o 

rH 

-4 

d 

n 

no 

d 


M 

no 

_o 

OJ 

OJ 

H 

rH 

IT> 

_o 

c •v 


O 

o> 

n~ 


o> 

MO 

ir> 

c^- 



t- 

uo 


0- 

rH 

MO 

. N 

H 

t3 

on 

OJ 

OJ 


OJ 

no 

rH 

rH 

H 

OJ 

OJ 

-4 


no 

ir> 

no 

jC 

*3 ** 

C 

M 

6 

o 

O 


o 

O 

d 

o 

d 

d 

d 

d 


d 

d 

d 

2 >- 


















0 -O 
u w 

-M 

• 

Lf\ 

rH 

OJ 

rH 

no 

CJ 


o 

rH 

8 

cn 

o 

g 

0 

rH 

-X 

O 

no 

rH 

-4 

OJ 


g 

8 

8 





















o 

o 

E 

■ 

B 

B 

B 

B 

E 

E 

B 

B 

■ 

B 

B 

B 

« 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

2 3 



1 

I 

1 

1 

■ 


1 

1 

l 


| 

| 


E 

W T 

no 

t^- 

EJ 


H 


El 

CO 

R 

R 

Q 

LT\ 


H 


R 

OS 4> 



B 


■ 

1 

B 

rH 

■ 

■ 

1 


B 

■ 

■ 

■ 

CL 



■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



B 

B 

1 


B 

B 

i 

B 

E 

E 

E 

9 

| 

E 

B 

B 

T3 TJ 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

El 

■ 

■ 

■ 

0 >4 



■1 



■I 

am 


■ 


■ 

■ 

■ 

HI 

■ 

■ 


•H »H 

a 

H 

B 





■ 

■ 






Bi 


Bi 

Wt X 


D 

B 



EJ 

B 

B 

B 




□ 

■ 

El 


El 

4) -M 

a 

■ 

■ 

li 


MM 

U 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Ml 

HI 

Ml 

M4 >K 


■ 

■ 



■ 


■ 

■ 

■ 

■ 


■ 

■ 

■I 

■ 

■ 

X 

£ 

B 

B 




B 


B 




B 






T1 

■ 

■ 



■ 

■ 


■ 

■ 

■ 




■ 

■ 


BE9 

■ 

m 

m 

H 


B 

m 

■ 

R 

R 

rH 

m 

■ 

■ 

R 

IP 

B 



pA 



s 

u 

Ej 

13 


OJ 

|ul 

m 


13 


ESI 






K3 













B 

M 

|2J 


D 


B 

B 

El 

rH 

El 

El 


Ed 

BU 

Ed 


CO 

lt\ 

■ 


U"\ 

rH 

o 

E 

Q 

MO 

O- 

rH 



R 

mO 

* E 

OJ 

CM* 

IS 


rH 


-4 

B 

B 

\D 

rH 

no 



MU 

CM 

H 

oj 

OJ 

ii 


OJ 

rH 

rH 

1 

H 

rH 

OJ 

Oj 



■ 

OJ 

*> 

H 

m 

m 


H 

g 

g 

R 


P 


B 

■ 

H 

m 

M 

2 g 

Q 

uj 

Ej 


K 



H 


B 


a 


m 


EZ 

0 £ 
H H 

B 

■ 

■ 


B 


g 

B 


B 

B 

B 



B 

B 

« 

o 

B 



lT\ 

CvJ 

E 

H 

E 

B 

uo 

0- 



B 

o- 

* £ 

o 

B 



o 

o 

5 

i 

B 

E 

d 

ao 












■1 

■i 

mm 

■1 

rH 






H 


■ 





■ 

■ 


■ 





■ 


rt 2 

■ 

R 

■ 



■ 

CO 

OJ 

r- 

MO 

<T\ 

ao 


CM 

r-H 

r- 

2 E 

bl 

cl 

c] 



Ej 

rH 

OJ 

nn 

nr 

no 

no 


O 

O 

0 

O -~4 

H H 

g 

g 

g 



g 

o 

d 

d 

d 

O 

O 


d 

d 

O 

4) 

rH 

0- 

rH 


E 

CO 

MD 

r- 

H 

-4 

MC 

r- 


R 

B 


* E 

vD 

<— l 

O 


B 

LTN 

ao 

o 

d 

d 

d 

mC’ 


1 

m 

o- 

H 



rH 


B 

rH 


rH 

rH 

rH 

rH 



B 

1 


-H 4? 



■ 


■ 












2 c 

H 

U~\ 




rn 

LTV 

IPs 

O 

O 

O 

C7M 


MO 

MO 

OJ 

« c 

OJ 

-4 




O 

no 

-4 

-4 

-4 

-4 

CM 


-4 

no 

no 

O M-l 















n 

Wn 

H H 

O 

o 

EsI 


Es 


o 

o 

d 

d 

d 

d 


Ea 

B 

B 

« 

u*\ 

fO 

B 


Bl 


H 

1 

g 

B 



■ 

On 

rH 

rH 

it £ 

ITS 

-4 

m 


pi 


H 

n 

WH 

E 


H 

■ 

OM 

no 

no 

H 

MO 

Lf\ 

B 


il 


g>j 


n 

i 


n 

■ 

uo 

MM 

mD 

US s 

g 

M 

H 


H 


co 

CT\ 


mO 

rH 

CO 

■ 

1 

no 

-4 


S*1 

Kn 

Ej 


EG 

-4 

rH 

rH 

-4 

-4 

CVJ 

0 


-4 

UO 

OJ 

o .5 
H H 

B 

| 

H 


i 

no 

-4 

-4 # 

no 

no 

no 

-4 

■ 

no 

no 

~ 

4> 

u-\ 

-4 



m 

O 

lTv 


B 

B 

B 


■ 


9 

B 

* E 

lT\ 

<-H 

IS 


i 

o 

00 

c- 

i 

B 

Q 


1 


m 

B 



*—4 



wm 










am 

■1 

H 



■ 






■ 

■ 

■ 


■ 


■ 


2 C 

u 

I 



■ 

o 

-4 

oj 

-4 


-4 

OJ 


no 

co 

0 

«i c 

Q 

Pi 




-4 

no 

00 

OJ 

rH 

rH 

CM 


CM 

OJ 

cu 

0 >H 

BQn 

Hj 















H H 

Q 

Q 



is] 

O 

O 

O 

O 

O 

O 

O 


O 

O 

O 

0 



■ 







B 

■ 

■ 

■ 


■ 


2 

H 

OJ 



CO 

iH 

-4 

0- 

O 




■ 


EQ 

no 



CD 

B 




rH 

rH 

Oj 

1 

i 

1 

B 


m 

a. 








































































































Tablr 12 


,2 

— ■- v 

s Ci t 

X 3 

v s 

* 1 1 

7 .2 “s 

■?!? C 

"i 2 « 

c t « 

J2 «- J- 

< D- = 


« C C 

<! t ?"V. 


SLEEP-M0NIT0K1N( 


» C 5 5 

4 O & *■ *■ 

5 r; o o 

to H 


• *3 t» 

?2 E 

5 P ;= 


♦ * I 00 d 

o H 






























































































































Figun 1 12-7. Visual analysis results graph for M/f (Bobko) covering rntirr study 
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mission and lliat the sleep quality, in terms of stage 
characteristics, was not adversely altered by tin* 
experimen tal eircumslances. 


Table 1 2 « 

Average IVreent 

Sleep-lime Characteristics of PL I 



% Stage 1 

% Stage 2 

% Stage 3 
and 4 

% Stage 

REM 

Pit -SMEAT 

Average 

10 

58 

9 

23 

SMEAT 
Ave rage 

7 

58 

17 

18 

Post -SMEAT 

Average 

6 

59 

10 

26 


Comparison of Automatic and Visual Analysis Reailts 

An important aspect of the SMEA1 Ml 33 study 
was the comparison of the automatic sleep-stage 
scoring method with that oi tin* visual scoring 
method. While the practicality of automatic analysis 
was not in question, it was necessary to gain 
experience in interpretation of the online analyzer 
results. These comparisons are illustrated graphically 
in Figures 12-8 and 12-9, which show information 
concerning sleep latency and the total sleep time. 

Fxamination of the data reveals, in most 
instances, a very close correlation lie tween automatic 
and visual analy sis results, and only rarely is there a 
marked discrepancy (c.g., see sleep latency on day 29 
lor the SPT). 

Table 12-9 presents the results of a t-test compari- 
son between the two methods lor the SPT and PL1 . 

The table reveals that for the SPT the automatic 
method overestimated total sleep time (T.S.T.) as 
well as Stages 3 and 4, and underestimated the 
Stage 1 time. No statistical differences were observed 
between the two methods in determining sleep 
latency. Stage 2 time, and REM time. 

For the PLT th ere were no differences between 
the two methods in determining the T.S.T. and sleep 


latency. Stages I and 2 were consistently under 
estimated by the automatic method, while Stages 3, 1 
and REM were somewhat overestimated. 

In general, the automatic analyzer's performance 
was satisfactory. Deviations from the visual scoring 
method were systematic, and the use ol the analyzer 
oil future pre flight baseline studies will enable a more 
accurate appraisal during the WA nights. 

The automatic analysis results were, in some 
instances, considerably degraded by tbe presence ol 
artilaetual signals in the single KEG channel. As wu> 
discussed above, several changes in the electrode cap 
configuration have been devised and will lead to 
further improvement in the reliability ol tin* 
automatic analysis results during Sky lab. In spile oi 
these problems during SMEAT, however, the results 
show conclusively the feasibility ol obtaining useful, 
quantitative, and objective information concerning 
sleep characteristics in an online fashion. I be general 
conclusions drawn from the results of visual analysis 
of the data from each ol the subject" studied during 
SMEAT would have been the same il only the 
automatic analy sis results had been available. 

Conclusions 

The Skylab M 1 33 sleep-monitoring experiment 
was operationally tested during the Skylab Medical 
Experiments Altitude lest, which simulated the 
timelines and environment expected during a 56-day 
Skylab mission. Two crewmembers utilized the Ml 33 
dala-aequisition and analysis hardware, and their 
sleep characteristics were studied in an online lashion 
during a number ol all-night recording sessions. 

The feasibility of all aspects ol the 
M 1 33 experiment plan was confirmed, and only 
minor changes in procedure have been suggested in 
order to clarify certain points. The Ml 33 hardware 
utilized during SMEAT (DVTl and Oualilication 
Units) developed several malfunctions throughout the 
course of the mission. Causes for all ol the failures 
were conclusively determined, and corrective 
measures have been taken to insure that the Skylab 
flight hardware is properly configured. The 
Ml 33 hardware performed functionally as expected, 
and no conceptual problems were encountered. 
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Several minor modifications irt the ion figuration of 
(fir data-acquisition apparatus (recording rap) havr 
been suggested for Skylah in on lor lo further increase 
(hr reliability . 

Comparison of (fir rr suits of onlinr automalir 
analysis will) lliosr oi post mission visual data analysis 
was (avorable, ronf inning tlir feasibility of obtaining 


reliable objective information concerning slrcp 
characteristics during the Skylab missions. One 
SMEAT crewmnnKier exhibited definite changes in 
certain sleep characteristics (e.g., increased sleep 
latency, increased time Awake during first third of 
night, and decreased total sleep time) during the 
mission. The sleep parameters of the other subject 
remained essentially unchanged for the duration of 
the project. 




Figure 12-8. Comparison of automatic 
and visual analysis results for PET. 
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Figure 1 2-9. Comparison of automatic 
and visual analysis results for SPT. 


Table 12-9 

Automatic and Visual Analysis Results: A l-lcsl Comparison 




Sleep 

Latency 

B 

2 

3 

B 



















* p 0.05 (for 14 d f.) 
** = p 0.05 ( for 7 d.f.) 
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Astronaut work performance during t he prepara- 
tion and execution of experiments in SMKAT was 
analyzed according to time and motion. The objec- 
tives of the study were to evaluate the efficiency and 
consistency of performance (adaptation function) for 
several different types of activity over the course of 
the mission; to evaluate tin* procedures to be used by 
the same experiment in Skylab; to generate 
characteristic adaptation functions lor later 
comparison with Skylab data; and to examine 
astronaut performance for any behavioral stress due 
to the SMKAT environment. 

Tint time required to perforin a given task, 
suhtask or element varies from performance to per- 
formance. Time also depends on the method, pro- 
cedure or motion pattern used to perform the task. 
Variations are due to a complex set of (actors and, 
where no assignable cause (or causes) can be found, 
they are characterized as random. However, I il in 
analysis frequently reveals identifiable perturbations 
in task performance which have assignable causes and 
which cause variations in performance lime. 

Performance data for the three crewmen were 
extracted from videotape; real-time observation by 
analysts outside the SMKAT chamber was used for 
verification and clarification. Individual and group 
data wen* analyzed for task and suhtask performance. 


Equipment 

A significant difference exists between tin- 
method and medium used for SMKAT data eollrrtion 
and that planned lor Skylab. In Sky lab. If) inm 
motion pictures will be taken from optimized 
predetermined locations using wide angle lenses 
(50-110° lield-ol-view ). The lens chosen to film a 
particular activity encompasses the entire activity 
without need for multiple cameras or realignment of 
the single camera used. 

in SMKAT, the MI5I experiment made use of the 
available TV system in which the positions of the 
cameras were fixed. This meant that several cameras 
had to he used for an activity which would ordinuriK 
he covered by one camera with a wide angle lens. In 
some cases, as rnanv as three cameras had to be used 
to cover the range of activities involved in an 
experiment. 

These complications made il necessary to have an 
Ml 51 observer in the control room or the Data 
Acquisitions Recording Systems (DAKS) room to 
program the activities of the three cameras as they 
were needed. In addition, an observer was stationed 
at the Medical Data Support Center to monitor in real 
time the same activity which was being taped. This 
served to bac k up the taped information in case 
equipment problems led to a loss of data. 
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Procedures 

In order to coordinate SVIlvVI results with 
Shylab planning, tin* experimenters decided to study 
those activities that would tie performed in SMKAT 
in the same way that they would later lie studied in 
Skvlah. 1'he medical experiments met this specifica- 
tion. Food preparation, as an operational daily 
aetivity , was also considered. It was hoped that some 
maintenance activities would be available lor dialysis 
of manual dexterity. I'he lunetioiial objectives of 
M I 5 I were as follows: 

1. Videotape all crewmen during donning ol 
\<!(i sensors and harness; lower body negative 
pressure device (LIEN PI)) ingress and egress; 
mounting and dismounting ol the ergometer, 
including the applying and removing ol 
restraints. 

2. Videotape crewmen during activities pertinent 
to food preparation and measurement ol food 
residue. 

Vuleotape erewinen during operational 
aetivities such as selling up shower, donning, 
doffing, and exercising with tin operational 
hioinstrumentatiori system (OHS) 

For the most part, adequate data were collected 
for tin' activities comprising tin* lir>t lunetioiial 
objective. The second objective could not he realized; 
the task ol calibrating the SMMO was >ubslituted in 
its place. Because of a change in SMI*. A I plans, the 
third functional objective was never fully exercised. 

Real time observations were also made on a 
noninterference basis lor those M 092/ M 093 
performances not scheduled to be taped lor M15I. 
Ehis was done to keep abreast of an\ changes which 
might occur. 

Data Analysis 

Over MMXX) feet of kinescope film were acquired 
by M 151 during SMRAT operations. Of this total, 
approximately 20,000 were taken during the pretest 
and shakedown runs and the rest during the actual 
lest. Since kinescopes (lb mm) are made and 
operated at 24 frames per second, a rale four times 
that planned for Skylab, a great deal of redundant 
information had to be scanned in toto. 


The work of the analyst involved viewing the 
kinescope film and using the crew s checklist to verify 
and measure the task and subtask segments. At the 
same lime. In* accounted for any anomalous 
situations which might occur. 

Simultaneously with the TV tapes of crewmen 
activities, M 151 personnel analyzed task elements 
and times Irom the I V monitors. Those data enabled 
tin* analysts to I ill in gaps in kinescope coverage, ami 
to clarity certain kinescope scenes. 

Analysis of the tasks performed in the chamber 
consisted mainly of recording task time and 
description using the TV tapes, real-time observa- 
tions, and crew checklists. In certain cases where 
significant changes in methodology were introduced 
by tile crewmen, the task activity was further defined 
by the identification of task aids and motion 
patterns. 

The videotapes provided precise measurements 
which enabled the analyst to identify such anomalous 
situations as ’loreign elements’ (activities which are 
performed during the task but are unrelated to it. 
e.g., answering phone call while preparing lood). idle 
and wait times, legitimate intrusions, etc., all ol 
which were deleted from performance time. The 
identification of task-related anomalies (crew error) 
was also made possible through this analysis, 
especially on a >ubtask level. In the basic analysis ol 
the data, task-related anomalies wen* not excluded 
from calculation ol task time. In subsidiary analyses, 
emphasizing regularities in functions, task-related 
anomalies, when identified as outliers, were removed 
and estimated values substituted for them. 

Tile information generated by the analysts was 
coded onto punch cards along w ith comments lurther 
explaining what happened. These were run w ith the 
TAMS- 1 program which calculates the elapsed lime 
lor the task or subtask and also keeps track of 
anomalous conditions and the times associated with 
them. From tins decoded information, graphs and 
tables were constructed lor a first-order statistical 
analy sis. Subsequent programs lor trend analyses and 
typical tests of significance were developed. 
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Results 

The overall results indicate that (hr anticipated 
adaptation function was obtained both tor individual 
and lor averaged data. Mon important, the iunction 
also appeared in most of the subtask analyses. These* 
results indicate that (lie preexperiment training 
activities were thoroughly performed. 

Total Task 

Figure 13-1 presents the adaptation function lor 
M092 preparation. The curves represent improve- 
ment in performance for the entire task. They are 
based on the combined data of the crewmen. The 
upper graph presents the “reality picture, 
incorporating everything as it really happened; the 
lower graph gives a relatively idealized picture ol 
what the results might he il reasonably correctable 
anomalies could be eliminated. 

Two eharactrristics differentiate the two graphs; 
elevation, and the scatter of observations about the 
fitted functions. The first graph shows longer times, 
and its points do not lit closely as those in the 
second graph. The “better and “smoother 
performance in the lower graph results, naturally 
enough, from the removal ol the anomalies and the 
Mihstitution of estimated values for the omitted 
activities. 

The important feature in both graphs is their 
essential similarity. They represent simple power 
functions, show characteristic adaptation features, 
and lend to approach a limiting value. The gradual 
decline, or improvement in performance, represents a 
reduction from about sixteen minutes to ten minutes, 
a saving of 38 percent of time, over the course ol 
nine trials. 

Subtasks 

Ciraphical analyses were completed lor the 
subtasks, for each crewman separately, and for all 
crewmen combined. 

From a diagnostic point of view, it is more 
important to sludv the subtask adaptation functions 
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because thev >pan relatively short periods ol time. 
Sueh a study reveals that activities differ in rates of 
adaptation. Some even show no adaptation. With 
such information, training procedures can l>*' 
structured to take advantage of these variations. 

TIME 

(SEC! 



TRIALS 

M092 PREP-WITH ANOMALIES 
(PLT AND SPT COMBINED) 

TIME 

(SEC) 



M092 PREP-ANOMALY FREE 
(PLT AND SPT COMBINED) 

Figure 13-1. Adaptation function. 


Equally important is the easier idenlilicalion of 
anomalies within tin; part or suldasks. Some suhtasks 
are more sensitive than others to environmental, 
hardware, or motivational changes. Other suhta>k> are 
relatively impervious to large changes in the svslrm. 
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Improvement Over ' Trials . \ typical suhtask 
showing improvement over trials i> Leg Measurement, 
found ini 1 i^urr 1.4-2. As ma\ hr observed from t hi * 
Mailer of tin* points, tin reality picture (with 
anomalies) represents pronounced variability in 
performance. It is important to note, however. that 
hoth variahilitv and performance levels decrease as 
tin- trials continue. 

time 

ISEC) 



TRIALS 


LEG ME ASUR EMENT-W1TH ANOMALIES 
IPLT AND SPT COMBINED) 

TIME 

ISEC) 



TRIALS 


LEG MEASUREMENT -ANOMALY FREE 
<PLT AND SPT COMBINED) 

Figure 13-2. Typical subtask showing improvement. 

With the removal of correctable anomalies, the 
variability is great!) reduced. This occurs in situations 


where many anomalies occur. In these instance*, the 
simple estimation procedure overcorreets the inherent 
variability. (To introduce a random mechanism into 
the estimation procedure is a refinement that is 
ne ither necessary nor illuminating. There were too 
lew activities which were characterized by too manv 
anomalies.) 

Subtusk Showing Slo Improvement. Ingress 

LHNPI). as show n in Figure 14-4, represents the 
relative!) rare plienomenon of poorer performance 
toward the latter part oi the mission. That this could 
represent an 'end effect" is given some support from 
the statistical analysis comparing the last six 
performances anti the six immediately preceding 
them. There is a significant increase in time during 
the last six performances. The mental attitude of 
"getting-read) to leave cannot he invoked u> an 
explanation because other subtasks have not 

demonstrated this phenomenon. No defects in the 
apparatus were reported. And it is unlikely that 
physiological deterioration would manifest itself in 
such a selective fashion, namelv in Ingress l.liNIM) 
but not in other Miblasks. 

The lower graph pictures the course of perfor- 
mance over time with the influence of anomalies 
removed. Their exclusion removes most of tin 
deterioration effect noted in the upper graph. It is 
likelv , then, that the ' end effect suggested bv the 
upper graph is an artifact created by anomalous 
conditions. 

Subtask Performance with Hardware Changes 

The results from >ME AT showed the sensitivity 
of the adaptation function to instrumental changes. 
With improved hardware, performance was shown to 
improve; with problem hardware, performance 
deteriorated. Similarl) the adaptation function 
showed the expected effects will) change in 
application of force and possible use of caution. 

Prior to mission day 24 (Trial 8). the crewmen 
experienced difficulty in donning the VCO harness. 
These difficulties are reflected in the pronounced 
variations shown in the earl) trials. On mission 
day 24. new \ CO harnesses w ith longer electrode 
leads and requiring onlv one sponge per electrode 
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urn* passed into the S.MKAT chamber. The result, as 
indicated in Figure FI-4, was marked reduction in 
variability lor the next nine trials. 

TIME 

(SEC) 



INGRESS LBNPD-WITH ANOMALIES 
(ALL CREWMEN) 


TIME 

(SEC) 



TRIALS 

INGRESS LB NPD- ANOMALY FREE 
(ALL CREWMEN) 


Figure 13-3. Typical subtask showing no improvement. 

The crewmen also had problems with the 
connectors which were to be mated to the SIB. The 
connectors, which made the VCG/S1B somewhat 
difficult, became degraded with use. Performance in 
using the connectors gradually deteriorated over the 
course of the trials. 
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S 2 4 6 8 10 12 14 16 18 20 TRIALS 
6 1 2 18 24 30 36 42 48 64 MISSION DAY 

DON VCG HARNESS-WITH ANOMALIES 
(ALL CREWMEN) 

Figure 13-4. Effect of change in hardware. 

Additional Analyses 

Figure 1 3-5 presents the graphs of two relatively 
simple and practically identical operations: closing 
the LBN PI ) on prerun and poslrun. On prerun, the 
closing is accomplished with a subject in the LBN PI), 
on postrun without a subject. The prerun graph is 
more variable and shows appreciably less improve- 
ment over trials than does the post run graph. 

There are two factors which explain the 
differences. First, there is weight. Since the force 
required to close the LBNPI) is a function of the 
frictional resistance caused by the interface of the 
wheels and the floor, more force is required to move 
the device with a subject in it than when it is empty. 
Second, there is caution. More caution will almost 
certainly be exercised in closing the LBNPI) with a 
crewman in it than when it is empty. 

Although the general adaptation characteristics 
were observed in most activities, an unusually variable 
set of performances deserves special mention. These 
are the placing of the right and left plethvsmograph 
legbands. Of these, the right legband placement was 
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(lie most \ anahh H< h graphs in figure I d b show high 
v aria I »ili t\ which indicate t tia I it wa> not a subject 
related phenomenon, but ma\ relied a complex 
hard w are -opera (ion mterartion 
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Figure IH-5. Possible died ol Indional 
resistance as well as ran turn 


Several possible factors may account for the high 
variability: the time required to perform alignment 
and the time spent inspecting the configuration ol the 
legband. During the third week ol the mission, there 
was a problem as to the accuracy ol the legband 


readings. Because ol ibis, the crewman rna\ have 
exercised additional rare when placing the Icgbands. 


INDICATES DATA MISSING 
BETWEEN POINTS 



PLACE RIGHT LEGBAND-WITH ANOMALIES 
(CREWMAN X) 


TIME 

(SEC) 



TRIALS 


PLACE RIGHT LEGBAND-WITH ANOMALIES 
(CREWMAN Y) 

Figure I,T(>. Subtask showing excessive variation. 


Equipment Problems 

The kinescope data ranged from poor to useful 
quality. The poor overall quality was caused by the 
low lighting level in the SMEAT chamber and by the 
loss ill resolution in conversion of the TV video to 
kinescope. 
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The TV camera has basic limitations. Activities 
can move outside camera range or be blocked from 
view. Technical problems with film can produce 
faulty reproduction. Real-time recording by an 
analyst is not exact, either. Only total element times 
can be obtained (about three to five seconds is the 
shortest element time that can be successfully 
observed and recorded), and if an element is missed, 
no opportunity exists tor a rerun as in film analysis. 

Conclusions 

Kxperimenl M-l 5 1 demonstrated the value of 
time and motion procedures to evaluate task 
performance. During SMKAT, there was a general 
improvement in both task and subtask performance 
over time. 

The structure of the adaptation function was 
related to the type of task performed and exhibited 
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sensitivity to changes in hardware. The partitioning ol 
a task into subtasks provided a basi* for diagnostic 
evaluation of difficulties associated with poor or 
variable performance. The results showed that 
subtasks which did not improve were those which 
could not he expected to change for the better or 
those which required hardware changes lor 
improvement. There was no evidence /or 

deterioration in performance that could !>e attributed 
to the stressful experience of the SMKAT program. 

The SMKAT adaptation functions obtained lor 
the various subtasks provide a basis for comparison 
with the corresponding functions to be obtained 
during Sk) lab pre flight and inflight time and motion 
studies. In addition, the simulation exercise exhibited 
the magnitude of the analytic problems to be faced in 
Sky lab. As a result, the Ml 51 data handling 
procedures were made more efficient. 
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Laboratory investigations have demonstrated dial 
exposure lo sound can result in a variety of 
p h \ siologiral and psychological responses affecting 
man s performance, safely, and well-being (Broad bent 
<S Burno, 1965; Harris. 1968). f I >^li intensity sound 
can produce temporary (Larder & Miller, 1969; 
Lie teller, I960) or permanent ((»lorig, Ward, & 
Nixon, 1961; Krvleret al M 1966) changes in hearing, 
interlere with communications (kryter & Williams, 
1966: Webster, n.d.), and cause subtle alterations in 
respiratory and eurdiov aseular function. Noise can 
interfere with sleep and he a chrome source of 
annoyance (kry ter et al., 1971), thereby leading to 
perlorinance decrement. 

SMI. A I presented an unparalleled opportunity to 
obtain data which would permit a greater under- 
standing of the probable effects of the expected 
Skylah noise environment on the crew, as well as 
provide data which could be useful in the develop- 
ment ol noise standards for future manned spacecraft 
designs. Heretofore, there lias been a lack of valid, 
empirical data on the elfects of continuous, long term 
exposure to noise on man. Data in the SMI. AT 
environmental noise experiment was collected by 
measuring ambient and equipment noise, bearing 
thresholds, and speech intelligibility prechainber, 
in-chainber, and postchumher. The crewmen also 
completed a questionnaire on possible psy chological 
elici ts ol continuous noise exposure. 


This experiment was designed espeeially for the 
SMI. AT Program, and no part of it is being 
eomlueted onboard aetual Skylah missions. 

Apparatus 

Equipment Noise and Ambient Noise Measurement 

One fixed and one portable (btieral Kudio 
ceramic microphone were used in the SMK\T 
eliamber for noise measurements. Power lor the 
mierophones was supplied with a Power Designs 
Power .Supply and input voltages were visually 
monitored with a 'Triple*! voltmeter. Signals from 
the mierophones were led through a eliamber 
interlaee [date to a microphone junction box. 
Lrom tin* junction box, the signals were led to a 
U&K noise analyzer. Signals from the muse 
analyzer were led through a IhKK bandpass filter 
set and automatically recorded in one third or one 
octave band widths on a B&k graphic level 
recorder. The level recorder was equipped with a 
•"►() r|B potentiometer. 

A line was taken from the B&k noise 

analyzer's input amplifier through which signals 
were led from the microphones to one channel of ail 
Ampev AM/LM tape recorder. Signals placed on tape 
were monitored with a B&K KMS electronic 
voltmeter and a Tektronix oscilloscope. 


1 4 1 
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Hearing Threshold Measurement 

Hearing threshold measurements were made with 
a Kekesy-typc Kudrnose recording audiometer and 
Telephonies 1 00a transducers (TIM 149). For the 
prechamhcr and poslchamlicr threshold measure- 
ments, the earphones were equipped with MX 41 AK 
ear cushions and eiu dosed in Kudmusc otocups. 
Noullarninahle otoeups patterned alter t h ** Kudrnose 
design were designed lor the in chumlx r phase. 

Speech Intelligibility Measurement 

These measurements were obtained either with a 
headset as the transdueer or in a Iree lield situation 
with a speaker I lie headset was the same as that used 
lor the hearing threshold measurements. I he speaker 
was a La Fayette Bn model installed in the Skylab 
entertainment renter. I In* frequency eharaeterislio 
of the speaker were somewhat altered as a result ol 
being treated to make it lireprool. 

An Ampex reeonler w as used to deliver tlie taped 
word lists and a t i rason-Stadler noise generator 
provided the masking noise. Signals I rum both the 
recorder and noise generator were led through two 
Hewlett-Packard attenuator sets. Mixing and 
amplil ieation ol the noise and speeeh was achieved 
with an Alter audio amplifier. Signal levels were 
monitored with a K<S.k KMS voltmeter and a dual 
beam Tektronix oscilloscope. 

Speech Intelligibility Word Lists 

All speeeh intelligibility word lists were taken 
directly iroin the American Standard Method lor 
Measurement of Monosyllabic Word Intelligibility 
(American Standards Association. 1900). An 
Llcctro-voicc microphone was used as the transducer 
for voice pickup. Signals from the microphone wore 
led into an Alter amplifier. The amplified signals were 
monitored w it h a ILK k KMS electronic voltmeter and 
recorded on one channel of an Ampex AM/FM tape 
recorder. 

Noise Questionnaire 

A two-part questionnaire wa> constructed to help 
in determining the psychological effects that 
exposure to constant unvarying noise may have. The 
first part of the questionnaire consisted of twenty 


paired polar opposite adjectives to be rated on a 
seven-point rating Male (c.g., heavy light). The pairs 
of polar opposite adjectives were taken from 
orthogonal factors isolated by Solomon (1958). The 
second half of llie questionnaire consisted of open 
ended questions designed to elicit awareness and clear 
descriptions ol the noise present in the altitude 
chamber from the three crewmen. 

Calibration 

The microphones used in the equipment noise 
and ambient noise measurement were calibrated with 
a K&K pistonphonr Calibration of the audiometer 
used in the [tearing threshold measurement was 
obtained with a K&K sound level meter, an octave 
filter sel. and an artificial ear. W hen calibrating with 
tin* transducers lilted with MX-41 AK ear cushions, an 
American N ILS. 9, A coupler was employed. For the 
specially designed in-chamber headset, an ASA type I 
coupler was used. A K&K pistonphonc was used to 
calibrate the sound level meter. 

Calibrations of the microphones were completed 
both at normal (IT.Tpsia) and reduced (5.0 psia) 
atmospheric pressures. All calibrations at reduced 
pressure occurred during “wet runs' before the test 
actually began. Calibration at normal atmospheric 
pressure was accomplished before the in-chamber 
phase began and again alter it was completed. 

Pretest and posttesl audiornctric calibrations at 
the frequencies of .5, I, 2. 4, 4 and 9k Hz were made 
according to the ISO 1964 standard. L mler these 
conditions all reported data represent actual 
thresholds in dK H I L. 

Calibration at reduced and normal atmospheric 
pressures oi the audiometer for in-chamber testing at 
the frequencies* of .5, 1 , 2, 3, 4 and 6k Hz was only at 
approximate ISO 1964 standards. Attenuation 
properties present in the line interlacing the chaml>er 
headset with tin* testing station resulted in lower 
levels at 4 and 6k Hz. As a result, all in-chamber 
thresholds are relative only to one another and 
provide an index ol change over time. The actual 
numerical values obtained should not be regarded as 
threshold in (IK 111 I . . 
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Procedures 

Noise Measurement and Analysis 

Ambient noise measurements were made at six 
different locations in the SMKAT chamber, f ive ol 
the measurements were made with a detachable 
microphone on a portable tripod in the lower level of 
the ebamber. The sixth was obtained with a 
permanently attached microphone located in the 
approximate center ol the second level ol the 
ehamher. Readings for all locations were for approxi- 
mately five to eight minutes. The measurements were 
conducted several limes at 14.7 psia and on nine 
separate occasions during the in-chamber phase. 

Equipment noise measurements depended on the 
scheduled use of the equipment for any particular 
day, Equipment measured included the specimen 
mass measurement device (SMMI)), the Sky lab 
ergometer, and the charcoal filler blower system in 
the waste management compartment. The SMMD and 
the ergometer were measured lour times during the 
06-day test. The charcoal filter blowers were 
measured twice. 

Noise measurement analysis at each of the six 
chamber locations and for the three types of Sky lab 
hardware consisted of a minimum of two sweeps 
through the frequency spectrum ol 25 Hz to 20k llz 
in one-third octave band widths. Direct noise levels 
were placed on analog tape and voice annotated as to 
the specific location or type of equipment being 
measured. 

Hearing Threshold Measurements 

Three hearing threshold measurements were made 
both before and after the 56-day chamber phase. The 
measurements were conducted at normal atmospheric 
pressure in an audiornelric booth at frequencies of .5, 
1, 2, 3, 4, and 6k llz. The first postchamber 
measurement was made within a few hours after the 
crew left the chamber. Each crewman served as his 
own control. 

Threshold measurements were made with each of 
the crewmen at approximately one-week intervals 
during the 56-day chamber phase at reduced 
atmospheric pressures. The measurements were taken 


in the lock-sleep compartment because it was tin* area 
with the lowest level of ambient noise. The 
frequencies were the same as those in the preehainber 
and postrharnher phases. The right and left ear 
hearing threshold data at earh frequency lor each 
crewman obtained during the rreu "wet run 
(ehamher at 5.0 psia) became the in < handier baseline 
for that crewman. 

During each hearing threshold test, a microphone 
was placed close to the erewman and the background 
noise recorded in ouc-lhird and one octave band 
widths to determine the amount of masking present. 
The procedure assured that each test da\ could be 
equated w ith any other test day . 

Construction of Speech Intelligibility Tapes 

The procedures in taping the word lists that were 
used in determining changes in speech intelligibility 
were those defined hy the American Standard 
Method for Measurement of Monosyllabic Word 
Intelligibility. Each word in a list was spoken singly in 
the following carrier sentence: "Would you write 
(key word) now/’ The manner of reading was such as 
to place no unnatural stress on any word in the 
sen truce. 

The distance between reader and microphone was 
kept constant and voice level was monitored by both 
the reader and a second party with a vu rnetcr and an 
RMS voltmeter. Words were read at the rale of one 
word every four seconds. No one word list was 
repeated for a single crewman in cither the headset or 
speaker mode* of presentation over the entire testing 
procedure. 

Speech Intelligibility Measurements 

Speech intelligibility scores were obtained at 
approximately one-week intervals. The mode of word 
list presentation was alternated between the headset 
and the speaker with four measurements obtained 
with headset and six obtained with the speaker. 
Baseline scores for both modes were obtained with 
the crew men on two occasions at normal atmospheric 
pressure. One baseline score, speaker mode only, was 
obtained at reduced pressure. 



SKY LAM MI'.IHCAL EXPERIMENTS ALTlTLhL TEST 


111 

The signal-lo-noise ratio lor speech intelligibility 
levels was determined hr I ore tin* chamber phase 
Ih gan anil >«‘t at approximately 70 permit correct lor 
both moles. 

The crewman being tested >at in a chair three 
meters in trout ol the speaker when this mode was 
used. When the word lists were presented through the 
headset, the erew man >at in tin* loek -sleep < ompart 
men L al the same loeatum employed lor determining 
hearing threshold levels. 

The crew man was presented with two word lists 
ol .10 words each. Scoring ol word in l«'lli^il»ilt t\ was 
according to the proeednre ol the American 
Standards Association. A word w a> considered 
incorrect ii any one ol the sounds in the spelling was 
ineorrectk indicated. Incorrect spellings which 
resulted in a word that sounded originally heard 
w ere considered correct. 

in both tlie headset anil speaker mode ol word 
list presentation, the crewman positioned a 
microphone approximately meters Irom his head in 
order to permit one-third octave and one octave hand 
analy sis ol background noise during each ol the two 
w ord lists presented. 

Noise Questionnaire 

Tin* crewmen completed tin questionnaire at 
ten-day intervals eight times, three times Indore the 
chamher phase and live times in-chamber. Primary 
attention was given to the way the crewmen rated the 
sound present in the ehamher on the seven-point scale 
comprised ol paired polar opposite adjectives and 
tlit* ir actual written descriptions ol the <- 01111 !. 

Results 

Ambient Noise Measurement 

Low frequency noise was predominant in the 
chamber. In every instance there was a progressive 
drop in noise level toward the high frequency end ol 
the spectrum. Beyond I Ok II/, there was no noise 
present above 25 dB in cither ol the two sleep 
compartments (where noise levels were consistent!) 
lowest) or the waste management compartment. 


When all measurement locations are compared, it 
is apparent that there was a slight tendency toward 
greater variability al the high end ol the measured 
spectrum . I hr greatest overall variability in noise 
spectral content occurred in the ward room where the 
day -to-day noise level varied up to 15 dB over a 
significant portion ol the spectrum. 

I Kerull and A weighted sound pressure levels plot- 
ted a> a function of time (pre- and in-chamber) lor 
eaeli measurement location are shown in Figure 14-1. 
Inspection of ibis figure indicates that there was little 
change in the overall sound pressure level in the 
chamber during the 5b days. !i anything, there was a 
very slight decrease in level at several locations. As 
would he expected, there is somewhat more 
variability in ihe \ -weighted sound pressure levels, 
but even these values remained fairly consistent 
throughout the 5b day s. Ihe highest A-weigliled 
levels occurred approximately midway through tin* 
study and wen* undoubtedly associated with the* 
operation of the Skvlali carbon monoxide monitor 
which was located in the ward room. 
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f igure 14 1. Sound pressure levels (re .0002 dynr/cm~) 
of ambient noise jl each of the six measurement localioii>. 

Although limited data are available 1 to make 
comparisons, il can be seen from Figure 14-1 that 
measured noise levels in tlie chamber decreased 
approximately 4 to B dB whe n the atmospheric* 
pressure wa« reduc ed from 14.7 to 5.0 psi The 
decrease in sound level with reduced pressure was 
frequency dependent and varied with measurement 
location. 
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Equipment Noise Measurement 

Tin* noise resulting from the use of the ergomcter 
(hiring SMKAT exceeded the Sky lab noise specif ica- 
(iou bv approximately ■ > <115. The ergornetcr was 
operated at a workload of 1 50 watts at b() rpm. 

Operation of the SMMO did not produce 
excessive noise. When compared to the noise in the 
waste management compartment where the device 
was located, it became apparent that the SMMI) noise 
was no greater than the ambient noise in the an a. I'se 
of SMMD did, however, result in high intensity , high 
frequency peak noise, a whine which was subjectively 
quite noticeable . 

The charcoal filter blowers were significant noise 
generators and exceeded Skvlah noise specifications 
by approximately 4 dlL 


Hearing Threshold Measurement 

Figure 14-2 represents the results of in-chamber 
threshold data obtained for each of the three 
crewmen. Inspection of these figures indicates that 
there were no outstanding changes in any of the 
crewmen s hearing during the actual ob days of 
unvary ing noise exposure. However, some noticeable 
threshold shifts are evident. I he (J)K shows small 
downward trends at .land 4k II/. in the left ear and at 
2.3 and 6k 11/ in the right ear. The data collected lor 
the SIT indicate negative threshold shifts at 1,2, 3, 
and 4k 11/ for the left ear and at 2.3 and 4k Hz in the 
right ear. The in-chamber hearing threshold data 
obtained for the PLT indicate that, with the 
exception of some day-to-day variability', this 
crewman V hearing remained unchanged throughout 
the 56-day test. 


Figure 14-3 illustrates the pre- and poslchamber 
hearing threshold data collected lor each of the 
crewmen. The mean and the range of three 
measurements made prechamber represent the 
baseline. Compared against this baseline are data 
obtained at approximately five hours (R + 0) after exit 
from the chamber. The other two points were 
obtained two days and twelve days following exit 
from the chamber. 
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Figure 14-2. Right and left ear hearing threshold changes at 
each of six test frequencies for the CDR, SPT and PLT. Data 
are plotted as a function of in-chamber test day. 
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Figure 1 4-3. Kighl and left ear hearing threshold levels at six 
test frequencies for the CDR, SPT and PLT. Three pre- 
chamber baseline and three postch amber measurements are 
shown. 


Note that for the CDR rather large threshold 
shifts occurred at R+0, particularly at 500 Hz and 
6k Hz in the left and right ears. The PLT experienced 
rather substantial negative threshold shifts at R+O at 
500 Hz in the left car and 500 Hz, lk Hz, 3k Hz, and 
4k Hz in the right ear. Prc- and postcharnber 
threshold data for the SPT indicate relatively large 
negative threshold shifts at 500 Hz in both the left 
and right ears at R + (L 

Speech Intelligibility 

The results of the speech intelligibility measure- 
ments are presented in Figure 14-4. The numbers 
in parenthesis adjacent to each data point arc 
preferred speech interference levels (PS1L) in dB. 
These values were derived from the one octave hand 
noise measurements made during each speech 
intelligibility test by averaging the sound pressure 
levels of the octave bands centered at 500, 1,000. and 
2,000 Hz. 

An analysis of these data reveals several 
significant findings. First, intelligibility scores were 
invariably higher with the headset mode of presenta 
tion. The overall average scores were approximately 
HO percent and 60 percent correct intelligibility for 
the headset mode and speaker mode, respectively. 
With few exceptions, this finding correlated well with 
the fact that speech interference levels were generally 
5 to 10 dll lower at the headset mode lest location 
than at the speaker mode lest location. Also, even 
within modes of presentation, intelligibility scores 
tended to van as a function of PSIL. Two of the 
subjects gave evidence of a gradual deterioration in 
their ability to accurately comprehend the test words, 
particularly toward the end of the study. These were 
the same two subjects who demonstrated increased 
hearing thresholds during the course of the studv. 
There were no differences in intelligibility scores 
obtained under normal and reduced atmospheric 
pressure when the test words were presented via 
headset. However, a decrease in intelligibility was 
observed in all three subjects when the speaker mode 
was used at reduced pressure. 

Noise Questionnaire 

Information obtained from the special environ- 
mental noise questionnaire was generally inconclu- 
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Figure 144. Speech intelligibility scores for the CDR, SPT, 
PLT. Dale for speaker and headset modes are plotted sepa- 
rately as a function of test day. Numbers in parenthesis 
represent the preferred speech interference level (PS1L) 
indB. 


sivr. On the word-pair portion ol tin- questionnaire, 
nil crewmen gave a preponderance ol nett Ira) 
responses. The SPT did >hovv some tendency toward 
polarity on several word pairs. Tor example, he 
consistently rated the chamber noise as being more 
unpleasant and annoying than either of the oilier 
crewmen. No outstanding comments were elieited 
Iron) the crewmen on tin* open ended portion ol the 
questionnaire. In general, their subjective observa- 
tions correlated with the noise data obtained in that 
they reported the noise to be predominantly low 
frequency in nature, the ward room as being the 
loudest area of the chamber, the <J)R/PM sleep 
compartment the quietest, and the ergometer a> bring 
the loudest and most annoying pieee ol equipment 
hardware. 


Conclusions 

The acoustical noise environment in SMI.A I was 
not like that expected lor Sky lab. SVlhA I chamber 
noise was influenced by the vacuum pumps ami other 
environmental control systems located near the 
chamber. There arc hardware systems on Sky lah 
which produce more mid to high frequency range 
noise than was present in SVlhA 1 . 

Only general conclusions can he reached oil the 
effect of SMRAT noise on the crewmen. Two 
crewmen experienced a mall hearing decrement 
in-chamber, but there was no pattern as to the ear 
and frequency affected. Temporary hearing threshold 
shifts were observed in ail three crewmen post- 
chamber. These postchamber threshold shifts were 
perhaps the most significant finding of the study. 
However, exposure to the SMKAT noise, environment 
had no lasting detrimental c fleets on the crew s 
hearing. 

There are no firm explanations with respect to 
the apparent gradual deterioration of speech 
comprehension abilit) ol two of the crewmen. 
Reduced atmospheric pressure cannot lie held 
responsible since the data indicate that speech 
interference levels in the headset mode were slightly 
lower at 5.0 psia and in the speaker mode lest area 
were essentially the same at 14.7 psia as at ;>.0 psia. 
Performance on the speech intelligibility task may 
have been affected by subtle latigue factors. 
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Man ha- evolved ill intimate and constant associa- 
tion will) complex micro! lora. Some of these produce 
disease and others generally do not. Pathogens, or 
disease-producing organisms, are not normally part of 
man's indigenous hody llora. While the modes of 
trariMiiission of disease by these organisms is well 
understood, the mechanisms of disease production by 
the indigenous llora are poorly understood. It is well 
established, however, that damaging effects of the 
indigenous mieroflora become manifest chiefly when 
individuals are plaeed under eondilions that differ 
from those under which the normal equilibrium 
between ho.-t and microbes became established. 

Spacecraft represent such a new and unique 
environment. Since the prevention and control ol 
infectious diseases during space missions is directly 
related to crew safely and mission success, it is 
important to study man-microbe ecological patterns 
under the condition.- ol space Might, especially space 
Might of long duration. 

The Skylah missions are the f ir.-t to provide the 
capability for inflight microbiological studies and 
disease diagnoses. Microbial alterations that occur will 
he the complex resultant ol the combined physical 
and biological factors that prevail in the space 
environment. 

The purpose of the SMI' AT microbiology tests 
wa> to obtain data on man-microbe-environnienl 
interactions which reflect the effects of ground-based 
Skylah parameters, such as confinement in a 
semi dosed ecosystem, diet, restricted activity, and 
reduced pressure, on crew microbial burdens and on 


the microbial ecology of the SMK \ I chamber I hi> 
information has direct bearing on crew health and 
materials degradation within the aetuul orbital 
assembly . 

Equipment and Procedures 

Specimen collection regimens and processing 
schema for the SMKAT microbiological studies are 
summarized in Table 15-1. Sterile phosphate buffered 
saline (IMIS) was used throughout the study a- Mir 
initial collection medium lor bacteriology and 
mycology. Marie's balanced salt solution containing 
0.5 percent gelatin was used as the diluent lor 
specimens for virologie analyses. Margie samples were 
obtained by having the crewmembers gargle and 
"wash ' the oral cavity with IMtS and return the 
material to the original container. Skin and nasal 
sampling was accomplished using premoistened 
calcium alginate swales which were placed individually 
in lubes containing PBS. Midstream urine and lecal 
samples wen* collected in sterile containers. 

For chamber microbial monitoring, two stainless 
steel strips were collected weekly from each of eight 
locations and placed individually in sterile metal 
screw cap containers. Ten-minute air samples were 
collected using a standard six stage Anderson Cascade 
Air Sampler calibrated for one cubic foot per minute 
(0.028 per in in) of air at 5.0 psia (35.2 grn per 
ern^ absolute). Before a chamber swab sample was 
taken, the area was first outlined with a template. 
The area was then scrubbed with a moistened swab 
and dried with a second swab. Both swabs were 
placed in a single tube containing IMfS. 



Table 



Viruses and mycoplasma 

Anaerobic and facultative bacteria, yeasts and fungi 
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Specimens collected during; the prechamber 
period were processed as soon as possible, usu ally 
within 30 minutes, alter collection. Specimens 
collected during the chamber run were passed out 
through the transfer lock as soon as possible alter 
collection. Ordinarily, about one hour elapsed 
between the time of collection and laboratory 
processing of in Irarh amber samples. 

Crew Mycology 

To permit quantitative isolation of fungi, aliquots 
of each sample w ere inoculated onto corn meal/malt 
rxlract/y cast-cxtraet agar with antibiotics (CMMY). 
Sabouraud s dextrose agar with antibiotics (SAB), 
and (Izapek-I)ox agar (CD). After incubation, isolated 
colonies were counted and recovered Irom the agar 
surfaces for identification. To recover fungi present in 
low numbers, diluents of skin-swab samples and urine 
were each centrifuged and the sediments inoculated 
onto the three agars. Species not recovered from the 
first set of isolation plates were removed for 
identification . 

Crew Bacteriology 

Skin samples were inoculated onto blood agar, 
Staphylococcus- 1 10 agar, and letheen agar to isolate 
aerobes and onto blood agar containing vitamin K 
and hem in for anaerobes. Throat-mouth gargle was 
inoculated onto blood agar, Staphylococcus ! 10, 
Mitis-Salivarius agar, and chocolate agar containing 
bacitracin for aerobes. Itogosa agar, Paromo- 
my cin-Vancoinycin-Meiiadione agar, arid blood agar 
with vitamin K and hemin were used for anaerobes. 
I rine aerobe isolation was done with blood agar, 
Staphylococcus- 1 10 agar, MacConkcy agar, and 
chocolate agar containing bacitracin. Following 
incubation, isolated colonies were counted and 
recovered from the agar surfaces for identilication. 

To recover aerobic bacteria present in low 
numbers, a standard loop of each sample was 
inoculated into trypticase soy broth. After 
incubation, the broth was streaked on the above 
media and incubated again. Those species not 
recovered from the first set of isolation plates were 
removed for identification. 


Crew Virology 

Twenty percent (w/v) stool suspensions were 
prepared by homogenizing the specimen with Parle V 
balanced salt solution in a Sorvall ominimixer. The 
suspension was rentriluged and the supernatant was 
adjusted to neutrality and treated with penicillin, 
streptomycin, and fungizone. 

The pharyngeal swab gargle specimen* were 
processed by expressing the medium Irom tin* swab 
and transferring it to the gargle. A portion ol the 
specimen was reserved ior mycoplasma analysis ami 
the remainder was rentriluged . I he supernatant was 
adjusted to neutrality. The portion used lor tissue 
eulture challenge was treated with streptomycin and 
fungizone; the portion used lor ernbryonated egg 
challenge was treated with penicillin and 
streptomycin. The portion reserved lor myeoplasina 
analysis was treated with staphcillin and penicillin. 

The urine* specimens were adjusted to neutrality 
and a portion reserved lor mycoplasma analysis. I he 
remainder, which was lin'd lor tissue culture 
challenge, was centriluged. The antibiotic treatment 
for the urine specimens was similar to the phary ni'.al 
swab-gargle specimens. 

Primary rhesus monkey kidney and diploid 
sernicontinuous human embryonic lung were utilized. 
Six culture lubes of each cell culture type were 
inoculated with the treated specimens. Tin* cultures 
were rolled in roller drums at designated temperatures 
and were examined daily by microscope. At ten-day 
intervals, two blind subpassages were made. I he final 
cultures were challenged with vesicular stomatitis 
vims to detect hidden in lee lion. 

Treated stool specimens were also inoculated into 
suckling mice. The mice were observed daily, and 
subpassaged after fourteen days. 

The treated pharyngeal sw ab gargle specimens 
were also inoculated into the amniotic and allantoic 
sacs of ernbryonated chicken eggs. The inoculated 
eggs were incubated in increased humidity and 
observed daily for evidences ol infection. At four-day 
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intervals, two Mind suhpassagcs were made. 
Subpassagc material Irom cell cultures. suckling mice, 
and etnhry onulcd eggs ua^ tested lor hemagglutinins 
using chicken, guine a pig, and human 0 erythroey L*s 
at ambient temperatures and l°E. 

Mycoplasma isolations wen* attempted from 
treate d pharyngeal swab-gargle and urine* specimens. 
The medium deve loped by I lay llirk and modified In 
Harile wa> used as an agar and a lirntli. Shepard's 
medium for the primary isolation of small colony 
tnyeoplasma (T-strains) was also used. The plates 
were incubated at 36°(! (,*MI I ) 0 K) in a humidified 
five percent O).>-05 percent air environment. The 
cultures were examined daily for growth and the 
isoiants were identified. The specimens inoculated 
into i lay Hick 's broth (pH 7.2) wen subpassaged 
three times at four ami seven days into broth and 
agar. A-3 and H-9 broths and \*f> agar plates of 
Shepard s medium (pll 6.0) were utilized. The broth 
cultures were subpassaged into \-6 agar plates alter 
eighteen hours incubation, 

Environmental Microbiology 

Each stainless steel strip was transferred to a flask 
containing 0.2 percent Tween HO solution and 
insonated. Half the suspension was heat shocked at 
80°(' for twenty minutes. Serial dilutions of the 
remaining half were prepared in the Tween HO 
solution. Aliquots of each dilution were plan'd on 
Trxpticasc so\ agar (TS \) and on blood agar plates. 
The TS \ plates were incubated under aerobic 
conditions and the blood plait's were incubated under 
anaerobic conditions at 37°(1 ( U0°K). The heat 
shocked portion was handled in tin* same manner as 
tlie nonhcat'shockcd portion. 

Aerobic colonies were counted after 48 hours: 
anaerobic colonies were counted after % hours. 
Following quantitation, all plates were examined for 
different colony types ami species were identified by 
standard procedures. 

After using the Anderson Air Sampler, the unit 
was passed out of the chamber and the plates 
removed. The six plates were incubated 48 hours at 
37°C (310°K) aini colonies were counted. Each platf 


was then examined qualitatively in the same manner 
as those from the stainless steel strips. 

Each swab sample was taken at chamber closeout 
and vortexed lor two minutes. It was deemed not 
necessary to beat shock or analyze the swab samples 
for anaerobes. 

Alter vortex ing, serial dilutions were made in 
sterile phosphate buffer. Duplicate blood agar spread 
plates were prepared for each dilution. All plates were 
incubated at 37‘V (3I0°K) for 48 hours and then 
examined quantitatively . Following quantitation, the 
plates were examined for different colony types and 
treated in the same manner as the aerobic, nonheat- 
treated stainless steel strip plates. 

Original material Irorn both the strip samples and 
swab samples were examined for fungi and yeasts 
using ( AIYIY containing antibiotics. All plates were 
incubated at mom temperature for seven days. Ml 
filamentous fungi and yeasts were isolated and 
identified using standard procedures. 

Fecal Anaerobic Flora Studies 

Nine samples were taken from each of the 
crew members. The first three samples were on normal 
diet, the fourth sample was after three weeks on 
astronaut diet prechamber, the fifth sample alter two 
weeks in-chamber, the sixth sample four weeks 
in-chamber, the seventh sample at the end of the 
chamber run, the eighth two weeks after coming out 
of the chamber (still on astronaut diet), and the ninth 
after lour or more weeks on normal diet. 

Specimens were collected and transported to the 
laboratory where they wen* placed in polypropylene 
plastic bags Hushed with oxygen-free carbon dioxide. 
Stool specimens were thoroughly mixed by kneading 
the plastic bags. Subsamples of feces were then placed 
in preweighed tubes containing prereduced buffered 
salts solution. Dilutions of I0‘^, 10*^, or 1(H® were 
cultured in triplicate in prereduced rumen fluid-gJu- 
cose-cellobiose agar roll tubes (a nonselective medium) 
and incubated. ( 'oncurrently , slides for direct micro- 
scopic clump counts were made from If) or 10 ^ dilu- 
tions in the same dilution series used for culture. 
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Am average, of 55 unscdeeted colonics were picked 
at random from cultures of the highest dilutions. 
Duplicate lyophili/ed cultures were prepared and 
stored on each isolate resulting from the colony 
picked from the roll lube. The isolates were 
restreaked and checked for purity by uniformity of 
colony type and by direct microscopic observation. 
Triplicate lyophilizcd vials were then prepared on 
each isolate resulting from the second streaking. 
Analyses for biochemical characU ristics, metabolic 
pathways, and morphology ~ averaging more than 
40 tests per strain — wen* carried out to characterize 
each isolate and allow speciation. 

Results and Discussion 

Skin Bacterial Flora Studies 

The combined incidence of the predominant 
bacteria found on seven skin sites from all SMEAT 


crewmembers is presented in Table 15-2. The table 
shows that the grain positive fiaeilli and the gram 
negative (lavobaeteria were not, with one exception, 
recovered from the >kin alter the crew members were 
isolated inside the chamber. These organisms, 
recovered during the prechamber period in 
approximately equal proportions Irom all crew- 
members, are obviously not part ol the indigenous 
flora and represent contamination ol the skin by 
ubiquitous organism^. The species which were 
isolated are almost never involved in pathological 
processes. This represents an example of micro flora 
alteration resulting from isolation in a closed environ- 
ment. 

The largest proportion of the indigenous aerobic 
skin flora of all crewmembers was found to be 
comprised of numerous species or subgroups of 
corynebacteria, micrococci and StaphyiocfHtus 


Table 15-2 

Incidence of Predominant Bacteria on Seven Skin Silt's* 1 
During the Prechamber, In-chamber, and Postchamber Periods 



Prechamber (6) b 

In-chamber 14) 

Postchamber 

CDR, SPT, PLT j 

C -77 thru C -0 f 

C + 21 thru C + 56 

R + 14 


No. Isolants 

Mean d 

No. Isolants 

Mean 

No. Isolants 

Bacillus spp. <10) c 

49 

8 

1 

_e 

7 

Flavobacterium sp. 

29 

5 

0 

- 

0 

Corynebacterium spp 115) 

198 

33 

133 

33 

26 

Micrococcus spp. (7) 

1 13 

19 

92 

23 

12 

Staphylococcus epidermis <5) 

141 

23 

73 

18 

12 

Streptococcus spp. (6) 

24 

4 

10 

2 

2 

Mima spp. and Moraxella spp (5) 

15 

2 

* 7 

2 

1 

Gram negative enterics® 

17 

3 

1 

- 

1 

Anaerobic cocci <7) h 

41 

7 

3 

- 

1 

Propionibacterium spp. (5) 

100 

17 

39 

10 

6 


a Neck, ear, axilla, hands, umbillicus, groin, toe web e Less than 1 

b Number of times sampled f Chamber minus 77 days through chamber close 


c Number of species, varieties or subgroups 
d No. isolants 

—————— = mean rounded to nearest whole number 


^Escherichia, Enterobacter, Klebsiella 
^Peptococcus and Peptostreptococcus 


No. samples 
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epidermis. It may lie noted that tin* incidence of 
these organisms on the >kin was not affected by 
chamber confinement and/or chamber environmental 
tailors. 

Tin* incidence oi S’, epidermis types II and VI 
>how cd a relative decrease during the period of 
confinement. N. epidermis wa> isolated in almost purr 
culture from an arm* pustule of one crewmember 
during the prccliatnber period. Although llir 
eruptions partially receded following tetracycline 
therapy , these pustules continued lo be present 
during tin* chamber run anil recurrence of lesions 
lollowrd return to tin* normal postcliambrr environ- 

Itirnl. 

Tin* aerobic, gram positive micrococci i rom tin* 
tliiril major group of indigenous skin flora were 
common to all three erew members. 

Various species of streptococci were found with 
approximately equal frequencies <»n all crewmembers. 
During rliambiT eonf ineuieitl tin* incidence of 
Streptococcus faecalts, Streptococcus mitis , 
Streptococcus salwanus , and the alpha-garmna- 
hemolv tie streptoroeei showed a decrease in 

occurrence. He t a -he rn oly t ie . mm-Oroup A. 
streptococci increased in o< < urrrnce. 

The significant decrease of gram negative enterics 
during chamber confinement suggests that their 
occurrence on the skin ma\ be dependent on con- 
tinued exposure to the outside environment including 
varied social contact. Alternatively, one may 

postulate that chamber environmental factors are not 
favorable lor survival of these organisms once shed 
from their normal habitat in the oral cavity and 
intestinal tract. In either ease, lilt* fact that these 
enterics did not increase on skill surfaces during 
chamber confinement is a suggestion dial the 
personal hygiene regimes were adequate. Any 
significant buildup of these organisms in the oral 
cavity or skin would have been indicative of 
"bacterial flooding (movement from tin* gut to the 
oral cavitx and skin) and a cause for serious concern. 

It c an be noti*d from Table 1,1-2 that recovery of 
anaerobic cocci (Peptococrus spp. and Peptostrepto- 
coccus spp. and Propionibacterium spp.) in-chamber 


was significantly decreased (p <0.01 , Wilcoxons 
Rank-Sum Test). This may be attributed to the 
effects of environmental factors, such as elevated 
oxygen level, or lo personal hygiene regimens, or lo 
both. 

The combined quantitative values from ail crew- 
members of the predominant bacteria recovered from 
seven skin sites during the prechamber, in-chamber, 
and posteha m her periods are shown in Table I 5-5. With 
respect to the eory ne bacteria, the micrococci, and 
5. epidermis , the ranges of value's during all periods 
remained fairly constant and this pattern was 
characteristic of all three crewmembers. The numbers 
of streptococci recovered from the skin were 
decreased by approximately one-log during the 
chamber run with no consistent patterns among the 
three crewmember*. 

Although th«Te was a significant decrease in the 
incidence of anaerobic cocci, there was not a 
significant decrease in quantity. Further analyses of 
the data reveal a digit t increase in the Brta-hemoly tic, 
non-droup A streptococci and an overall decrease of 
one-log in all other streptococci. The total burden of 
anaerobic cocci recovered from skin surfaces during 
the chamber run was due to the isolation of 
Pe piastre plococc us anaerobius from one crew- 
member s umbilicus and the isolation of Peptococrus 
prevotii and P. anaerobius from the hands of another 
crewmember. These organisms were recovered only 
during the fifth week of the chamber run. 

While the in-chamber incidence of Propioni 
bacteria was reduced approximately 50 percent from 
the prechamber baseline, this was not accompanied 
b\ a large reduction in the average number of 
Propionibacteria (Table 15-5). Although the Propioru- 
bacierium spp. were isolated from fewer sites during 
the chamber run. the total numbers remained almost 
constant due to the continued isolation ol P.aenes 
from all three crewmembers. 

Analyses of data relating both to the kinds and 
numbers of bacteria present on *kin surfaces suggest 
that chamber confinement had little, if any. effect on 
the indigenous aerobic skin flora. However, there was 
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a significant decrease in both the kinds and numbers the changes noted during the chamber run are only 

of anaerobic skin bacteria during the period of the result ol accelerated inactivation ol anaerobic 

chamber confinement. This decrease was due mainly bacteria due to the slightly elevated partial pressure 

to the almost complete disappearance of anaerobic of oxygen. Alternatively, it may be suggested that a 

cocci and significant reductions in two species of reduction in whole-body washing resulted in changes 

Propionibacterium. This may or may not he a in the skin surlace environment which mediated 

reflection of changes occurring in the deep layers of towards lower skin surface burdens ol viable 

the skin where anaerobic conditions, which lavor the anaerobic bacteria. Detailed data analyses reveal that 

survival of these organisms, are maintained. It is decreases in anaerobic skin flora were not 

entirely possible that the microbial burden is accompanied by increases in olh< r genera or species 

unchanged in the deeper layers of the skin and that of aerobic bacteria. 


Table 15 3 

Quantitative Values of Predominant Bacteria on Seven Skin Sites 3 
During the Prechamber, In-chamber and Postehambcr Periods 
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Nasal and Oral Bacterial Flora Studies 

Whereas S / a jj h v / or or r u s ( p i dvr midis 

*|uanlilatioiis remained ver\ stable, ih»- number ol 
viable Staphylococcus aureus cells recovered 
increased during the chamber confinement period. 
The majority of Staphylococcus aureus isolations 
were made from throat-mouth gurgle specimens 
\ualyses of the phage ty ping data reveal that there 
was no interchange of S. aureus Iwtween the (1DK 
and SIT, w ith each crewmember earning only his 
particular phage type* on the skill, in the external 
nares. or in the throat and mouth. 

Strains ot .S’, aureus were isolated onl\ twice Iron* 
the I'Ll during the seventh and eighth weeks of 
chamber confinement . During the twelve-week 
preehamber period, >. aureus wa* recovered from the 
gargle, skin, and nasal area of the (’.Dll a total of nine 
limes. During the eight week in ehamher period, the 
incidence of recovery increased to fourteen. Simitar 
totals lor tin* SIT during the preehamber and 
in-chamber periods were three and eight, respect ivel\ . 

At the beginning of the chamber study, the 
number ot viable cory nr bacteria recovered from the 
nasal rumples decreased. Much ol this loss was 
replaced w ith an increased number ol viable .S’. aureus 
cells up to the third week in-chamber. Mler that. ,S. 
aureus maintained a high incidence and the 
cory lie bacteria regained their former high quantita- 
tion until the end of the chamber confinement. 

As with the nasal samples, aerobic bacteria 
recovered from the gargle samples demonstrated very 
little variation. Streptococcus milts generally 
accounted lor the high quantitations. Other species 
which were also present in high number:* were 
Streptococcus so 1 1 van us % Haemophilus fmra influenzae, 
and Neisseria perftava . S, sahvanus , S. mUr.s, 
Staphylococcus epidermidis , \. f>erflava % and //. 

parainfluenzac were always recovered from every 
sample period. No significant change could be 
detected in the incidence of these species resulting 
from lest conditions. Klebsiella pneumoniae was 
present in preehamber gargles but was not recovered 
from in-chamber sample*. Pseudomonas nialtophalia 
was recovered Innu one ol the la-t in-chamber 


samples. Bcta-liciuoiy t i i “ streptococci am] Haemophilus 
influenzae were nearly always recovered. The 
quantitation of Kschenchia cob, which was recovered 
Irom most sample periods, remained very constant. 

The above data indicate that whereas the 
aslroiiaut> were burdened with several specie* of 
medically important micro -organ isms in the nasal and 
oral cavity, no alterations could be delected in their 
microbial llora which could lie directly related to 
iliglit iood or i handier eonditious. 

The mo>t eonimoiily isolated anaerobic bacteria 
were member* ol the genera Propiomtbactcnutn 
w hie h decreas'd through the seventh week 
iii-ehaniber. I hi* decrease wa^ not niatehed by an 
increase in other anaerobic bacteria hut does coincide 
with the increase in aerobic bacterial quantitation 
noted earlier. 

Dnlike the nasal -ample*, the number of viable 
anaerobic bacteria recovered Irom the gargle 
specimens* remained quite constant and no significant 
alteration* in individual species were detected. 

Crew Myeological Studies 

The total number of yeast and of filamentous 
lungi recoveries prior to entry into the chamber wa> 
quite variable. A -imilar variability was demonstrated 
within the chamber. This variability underscore* the 
normal, ephemeral relationship between integu- 
mentary lungi and the healthy ImuIv. However, even 
with this wide variability, the incidence of pre- 
chamber recovery ol filamentous fungi value* could 
be demonstrated to be significantly different 
( p <0.00o) Irom llie in chamber value*, a* calculated 
bv the Wilcoxou Bank-Sum Test. This analysis 
demonstrated a significant in-chamber decrease in the 
iuugul load of crew member* and a similar, but not 
statistically significant, depression of the total 
number of yeast*. 

The filamentous fungi data show t hat of the 
specie* recovered during the sampling period, do 
were isolated only once and V2 were isolated no more 
than twice. The PIT contributed percent of the 
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rrcuvrn'il lutigi. whereas ill «’ t.DK contributed 
22. I |MTlTllt and I h(* >1*1 only IH. I percent. 

I -right jMTf«*nl ol till reported isoialo \\4*rr 

recovered Irom nasal swabs. with about hall that 
many bring recovered Irom tin* lecul samples, tin* 
gargles. ami tin* toe swabs. I w'ciilv -eight p< rcenl ol 
all recovered samples were obtained Irom tin 
remaining seven sites rom hiiiri). 

A urvobasidiuni pullulatis and (.ladosportuni 
cladospoioides wi*re present m high numbers hrlore 
4 hamhcr rlostin* and remained in tin* population 
under chamber conditions. I his i^ tin* lyp<* ol pattern 
rxjirrlrd ol sprites that are not merely transients. 

On tin- other hand. Cpivoecum nigrum, /V«- 
irdlium corYmbifrrum, l*ithomy<es aslro-olivevetis, 
and Halle min it hth yophage also were |irrsrnl in 
high numbers before chamber closiin*. hut were 
entirely absent from specimens eolleeted within 
the rhamher. These species are, thcrelorc. un- 
doubtedly transients. 

As with the filamentous lungi, a Iarg 4 * portion 
(72 percent) of tin* yeast species isolated were 
transients. Interestingly , tin* yi*ast> fttyrosporum 
ovale and Torulopsis fa mat a , isolated in large 
mnnhers before chamber closure, could not In* 
recovered from the samples collected in th<* chamber. 
Candida albicans and C. parapsilosis, however, were 
recoverable from within tin* eliainher. These results 
suggest that the probability ol mycotic disturbance 
may actuallv he increased in the churn I mt. I he loss ol 
fungi from the body surface can upset tin- iimrobtul 
balance of tbes 4 * areas ami provide a more lavorabh- 
environment to those species which remain. For 
example, the well-known pathogenic yeast, C andtda 
albicans, remaim'd throughout the 4 *humber study. In 
addition, different species of Candida began to appear 
near tin* middle of the chamber period, signaling a 
buildup of these species. Likewise, the odious fungus 
Aureobasidium pullubns remained through the end 
of the chamber study. In fact. Candida and 
Aureobasidium pullubns comprised ftff percent of tin 
recovered fungal flora by the end ol the chamber 
sludv. The number of fungi recovered returned to 
normal upon removal of the crewmembers Irom the 
v hand>er. 


(!rew r Virologiral and Mycoplasma Studies 

There was no rvnlrnre ol viral growth in ally ol 
the host sysh-ms inundated with sp«*cinieii^ obtained 
from the SMKAT crew before, during, or alter 
chamber «*\posure. Sim- 4 * tin erew remained healthy 
tliroughout tin* dnralion <d the >lnd\ . tiles. ■ n*> lilts 
were expected. 

There was a possibility that tin* environment id 
SMKAT might induce the app 4 *aranc 4 ' o. viruses tliat 
are not isolated normally . I>ul this did not occur. 
Mycoplasma orab / was repeatedly isolated Irom the 
throats of the Sl‘T ami 1*1 /I* before, during, and after 
chamber exposure. I here were im inv 4*oplasina 
filiation- Irom urim*. The f .DK did not earry M. ornb 
I before cliamber exposure and wa- not iToss-iiifcelrd 
during chamber residenre. 

Environmental Microbiological Studu-s 

Tin* predominate organisms found on tin stainless 
steel strips located in l ight dilliTiiit arias ol tin 
chamber are show n in Table | .'>-4. I he total number ol 
organisms recovered diil not vary materially Irom 
week to wiek. However, varianee diil oieur ill tin* 
types ol organisms isolati il. Lor example, >pecie> ol 
liacillus weri* in high niimlwrs alti*r the lirst week, 
decreased during the next two weeks, and wire not 
ri*i:overed again lor three weeks. A pi>ssihli- explain 
lion for this is tliat alter elosiire of the ehumbi r. all 
items being passed into tin* chamber through the 
transli r lock wi re ih iontarninaleil < jr slerili/.«*d. More 
us* was inadi* <^f tin* man Icxk lor eipiiprnenl 
transfers during tin* last two weeks. ( .ontamination 
control for items being passi-d into the charnhiT in 
this manner was more difficult. 

It is evident from tin* data that under the 
I'ondilions of SMKAT the environmental micro- 
biological burden rapidly became a duplication of tin- 
skin and oral flora of tin* personnel in tin* 
environment. This could become significant in 
transmittal of infectious organisms 1 > 4 ' tween crew- 
members as w 1 4*11 as between 4*rew s. 

The reeovirry 4)1 y east and fungi in relatively Iarg 4 * 
numbers throughout the rhamher 4 )V 4 *r tin* eight 
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Table 154 

Ouantilativ'* Valuooi Predominant Bacteria Recovered From Stainless Steel Strip* 


Juhan Date 

215 

222 

229 

236 

243 

250 

257 

264 

Bacillus spp 

8 x 10 4 ’ 

1 x 10 1 

2 x 10 1 

0 

0 

0 

6 x 10 2 

2 x 10 3 

Corynebactenum spp 

2 x 10 3 

2 x 10 4 

3 x 10 4 

3 x 10 3 

3 x 10 4 

9 x 10 3 

1 x 10 3 

9 x 10 3 

Micrococcus spp 

5 x 10 2 

2 x 10 4 

1 X 10 5 

4 x 10 3 

5 x 10 4 

5 x 10 4 

9 x 10 3 

2 x 10 4 

Mima 

0 

0 

0 

8 x 10 2 

0 

0 

0 

0 

Staphylococcus epidermidis 

8 x 10 3 

7 x 10 3 

1 x 10 4 

3 x 10 3 

1 x 10 4 

1 x 10 4 

3 x 10 3 

3 x 10 4 

Staphylococcus aureus 

2 x 10 2 

0 

8 x 10 2 

8 x 10 2 

4 x 10 3 

0 

0 

2 x 10 2 

Streptococcus spp 

5 x 10 1 

8 x 10 2 

1 x 10 4 

0 

0 

0 

0 

0 

Propionebactenum spp. 

8 x 10 2 

0 

2 x 10 3 

1 x 10 3 

0 

0 

0 

0 

Yeast and fungi 

2 x 10 2 

4 x 10 2 

2 x 10 3 

9 x 10 2 

5 x 10 3 

7 x 10° 

3 x 10° 

2 x 10 2 

Totals 

9 x to 4 

5 x 10 4 

2 x 10 5 

1 x 10 4 

1 x 10 5 

7 x 10 4 

1 x 10 4 

6 x 10 4 


*Sum of 5 strips expressed as organisms per square inch 

weeks could have significant implications. Yeasts such 
as C and id a and Rhodotorula , both ol which were 
recovered from tin* environment, are recognized as 
“opportunistic” micro-organisms with significant 
pathogenic potential. Filamentous tungi like 
Aspergillus and Penicillium can Imtomic medically 
significant and also may degrade hardware. In a 
reduced gravity environment where aerosol burdens 
an' expected to be quite high, large quantities of 
fungal spores could lie inhaled and cause infectious 
and/or allergic reactions in the crew mem tiers. 

Numerous yeasts and fungi were recovered from 
contingency samples taken around the tood chiller. 
This was an area of high humidity and visible growth 
was observed on tin* chamber wall. These types of 
organisms can be expected to occur in Sky lab and to 
proliferate if areas of high humidity <85 percent or 
above) arc maintained. 

The exhalation hose of the metabolic analyzer 
was examined for microbial contamination during 
and at the end of the chamber study. Two types of 
yeast, Candida laurentil and Rhodotorufa ru6ra, were 
recovered each time. In addition, another yeast 
Candida albicans and two filamentous fungi. 


PentcilUum fumculasium and Botrytis cinerea were 
recovered in the last sample. The inside of the hose is 
an area of high humidity and gives ideal conditions 
for growth of yeasts ami fungi. 

Immediately after the crew left the chamber, 
50 chamber areas were sampled using the swab-rinse 
technique. The results show direct correlation with 
the skin flora of the SMEAT crewmembers. Yeast or 
fungi were recovered from 17 of the 30 locations, 
with eight locations having more than one type. 

Levels of organisms obtained from the swabs were 
lower than those obtained on the stainless steel strips. 
A possible explanation is that the strips were not 
disturbed during the eight weeks except for limes of 
sampling, while the majority of the swabbed areas 
had undergone some form of housekeeping, 
vacuuming or washing, during the chamber test. 

The Anderson Air Sampler, which was run lor a 
ten-minute jn'riod each week at a rate of 
0.028 m 3 /niin indicated a microbial burden in the 
chamber atmosphere of eight to ten organisms, 
predominantly micrococci and staphylococci per 
0.028 rn 3 . These counts were quite high when 
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compared lo normal environments whore two to lour 
organism* |u*r cubic tnolor are expected. 

Fecal Anaerobic Flora Studies 

The cultural procedure allowed recovery nl an 
average of 9d percent of the direct microscopic clump 
count. This is ono-to-two orders of magnitude higher 
than has been generally reported in the literature with 
previous techniques. One hundred and forty ( 1 40) 
distinct species or subspecies have been detected in 
the isolates that have been examined. Although a 
complete analysis of the data is not yet available, it 
appears that there was no major change in the total 
number of organisms present as a result id diet or 
environment. The data, however, do suggest that 
there rnav be some simplification ol the flora on the 
astronaut diet. It is quite possible that this diet was ol 
lessvaried composition than the uncontrolled normal 
diet. If such is the case, the simplification of the flora 
would further confirm previous observations that tlu* 
relative proportion ol major species in tin* llora is 
highly sensitive to individual dietary components. 

Individual differences in fecal flora persisted 
during SVIKAT. B.fragilis ss. thetaiotaomicron and B. 
frag ills ss. vulgatus were the only species seen in all 
individuals in each sample examined. Ihese organisms 
are sometimes associated with soil tissue infections, 
and they convert bile salts to possibly undesirable 
intermediate products. Bacteroides fragilis ss. frag it is, 
the subspecies of B . fragilis most often isolated from 
infectious, w as found only twice. I he relatively low 
incidence ol this subspecies ill fecal llora is 
commensurate w ith data from other individuals. 

The proportion of Bacteroides fragilis ss. 
thetaiotaomicron was increased over the normal level 
in all three crewmembers after four weeks in the 
chamber. Chromatographic analyses of fecal speci- 
mens, however, showed normal levels ol iecai 
steroids. The significance of the increase in B. fragilis 
ss thetaiotaomicron is unknown at present The levels 
of the other species obtained thus lar wi re within the 
ranges observed among “normal North Americans 
and Japanese Hawaiians. 

The same percentage of resistant strains of B. 
fragilis was maintained for each crewman throughout 


the li st, which suggests that under these conditions, 
individuals maintain llieir own personal llora type. It 
also indicates that cross-contamination ol intestinal 
flora was not significant. 

It appears that the composition ol (he fecal llora 
is strongly controlled by the phy siology of tin host 
individual, but that tin environment and diet li sted 
do affect it. 

Conclusions 

Stales of microbial imbalance as a result ol the 
SMI' A I chamber confinement occurred, lor the most 
part, only in those genera and species of bacteria, 
yeast, and fungi which are classified as transients and 
arc not part of the true indigenous llora ol the 
crewmcinliers. 

Inasmuch as no crew illness events occurred and 
only subtle changes in the indigenous flora wi re 
noted, it appears that confinement ol .% days in a 
Sky lal» simulated environment dins not mediate 
toward shifts in bacterial populations which have 
obvious clinical significance. 

The lack of buildup ol skin llora, particularly 
gram negative species and enteric bacteria, suggests 
that the personal hygiene regimens arc adequate. 

Careful analyses ol pre flight Sky lab data, how - 
ever, should be performed in order to provide 
information for therapeutic decisions in caw* ol 
illness. 

It is probable that latent viruses were present 
among the crewmembers even though this was not 
demonstrated. The SMKAT environment did not 
result in the activation of such latent agents, [his 
would suggest that viral infections may be of minimal 
consequence provided crew members are not actually 
in the incubation phase of a viral disease prior to 
launch. 

The fact that bacteria, yeasts, and fungi existed in 
high numbers, relative to a normal environment, both 
on surfaces and in tin* air, is highly significant. In the 
zero g situation, the majority of these organisms may 
exist for long periods aerosolized particles, making 
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tin* atmospheric particle rount sr\cral orders of 
magnitude higher than normal ( ontinued long term 
exposure ami inhalation ol the organisms could result 
in clinical manilestalioiis ranging in severity from 
Irank pneumonia to allergic responses. 

The results ol SMKAT also clear!) demonstrate 
(hat a vuriet\ of filamentous fungi will survive in the 
environment. Condensate formation resulting in local 
areas ol high relathe humidity will almost certain!) 
create focal areas ol growth. Organisms from thes 
areas could then he disseminated throughout Shy lab 
causing degradation of a wide \ aricl) ol materials. 

Control of microbial growth during Sky lab dr 
pends primarily upon the faithful execution of 
housekeeping tasks. I lie results ol SMI. V I demon- 
strate that the performance of these tasks with rigor 
is fully justified. 


Comprehensive measurements ol tin* fecal flora of 
t he SMI . \ I crew members on their normal diet, on tin 
Skylab diet, in the test chamber, and following tin* 
chamber trial gi\e preliminary indications that the 
flora was partially simplified as a result of the 
astronaut diet. Throughout the test period, the 
individuals maintained their own distinct fecal floras 
without apparent cross-contamination. In general, tin' 
bacterial (real llora ol each person responded inde- 
pendent to the variables tested. However, there was a 
uniform increase in the levels of H. fragihs ». 
ihetaiotaumivmn in the flora of the lest subjects 
during the chamber run. The levels of H . frazil is s>. 
thetaiotaonucroti increased above the values that we 
have seen in any of 25 other ' normal North 

Americans and Japanese llawaiians. ['fit 1 significance 
<>l this change i> not vet known. 


CHAPTER 16 


EFFECTS OF SMEAT ON THE ORAL HEALTH OF CREWMEN (DTO 71-2) 

Lee R . Brown, Ph.D. 

University of Texas Dental Science Institute 
Merrill G. Wheatcroft, D.D.S. 

The University of Texas Dental Branch 
Houston, Texas 


To insure the unqualified success of ex tended 
space ventures, all possible health hazards, including 
dental health problems, must In* eliminated. The oral 
cavity serves as a portal ol entry for pathogenic 
agents, acts as a reservoir lor infectious micro- 
organisms, and plays a prominent role in cross- 
contamination and disease transmission. Detectable 
changes in oral microflora usually precede the clinical 
manifestations ol acute and chronic infectious oral 
diseases. Clinical examinations of the oral tissues can 
thus identify local and systemic impairments of either 
microbial or nonmicrobia! origin. The objectives of 
the SMKAF oral health experiment were to compare 
the microbial population dynamics in the oral micro- 
environments of the crewmen before, during, and 
alter the 56-day SIMLA I trial, and to determine 
elinically the effects of space simulated environment 
on oral health, preexisting dental caries and 
periodontal disease. 

Equipment and Procedures 
Microbiological Assessments 

Spec i men Collection. Oral specimens were 
collected from all three crewmembers weekly or 
semi weekly during a period which began 25 days 
prechamber and ended 30 days postchamber. The 
p re chamber and postcharnber specimens were 
collected by the principal investigator, while the 


in-chainlHT specimens were collected by two of the 
crew rnendHTs. \J| collections took place between 
* a. in, and 8 a.m. before oral hygiene procedures or 
breakfast. 

The specimens included denial plaque, residual 
saliva (unslirnulatcd saliva), ereviculur fluid (exudate 
absorbed from the gingival sulcus ana) and 

stimulated saliva. These parameters were seleetrd 
because of their ultimate relation to the development 
ol dental caries, periodontal disease, and alveolar 
bone loss. 

Dental plaque was removed using a modifica- 
tion of the technique described by Jordon et al. 
(1668) Residual saliva was collected with a cali- 
brated wire loop, and crevicular fluid was obtained 
by inserting a paper point into the gingival sulcus 
of an upper bicuspid according to the method of 
Hrown ct al. (I9< I), haeh specimen was placed 
ascpticully into a sterile lube containing 2nd of 
0.1 percent peptone and 0.85 percent NaU. The 
peptone-saline solution served a> both a transport 
and dilution medium. 

To produce* stimulated saliva, the crewmembers 
chewed rubber bands and e xpectorated into a sterile* 
jar until a 5 ml indicator mark was reache d. The time* 
required for e;aeh crewman to collect this volume* was 
recorded and used to calculate the* saliva f low rate . 
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In-chamber specimens were received outside lb* 
chamber within TO minutes alter collection. All 
specimens wen* transported m cracked ice to die 
l ’nivrrsity of Texas Dental Science Institute tor 
immediate processing which occurred about one hour 
after collection. 

SfH'cittiv ? i /Vorex.vin^. Serial tm-lold dilutions ol 
each specimen were plated onto a \ariety <d 
bacleriologic media (Kngosa rt al., Idol. Kogosa tt 
a!., l<r>H; Omata a\ Disraely , ldo(i: Kraus ^ Caston, 
iqfdi: Uieliardson Jours*. I O.db Shklair el al., 1002, 
MeCurthv rt ah, I ')(m; Kit/. 1007; Libbons \ 
Mar Donald, 1 %0: Socrandvy rt al.. I %d: 

Somienwirtli, l%o: limgold, « t al., I <>(>.'») lor flu* 
riiiiiKirration of up to seventeen microbial categories. 
Duplicate platings were itirubalrd at T»°L either 
arrobirally or anaerobically l hr bacleriologic media, 
tnirrobial categories and anaerobie procedures are 
shown in figure I b- 1 . 

Specific microbial ty pes from selective ami 
dil I'rmitial mrdia wrrr verified by stibrtdlurr and by 
pertinent physiologic reactions whrn necessary. 

In addition to thr mirrobia! assessments, 
stimulated saliva was usrd to drlrrminr total protein, 
secretory IgA and lysozyme. Salivary protrin 
drlenninations wrrr madr h> tin Lowry procedure 
(Lowry rt al., I0o1). Secretory Ig \ was assayed by 
rlr rtroinimunodil liision (Mrrrill rt al., 100*) when 
tin* samples an* electrophoresed through a inrdium 
rontaining monospecific antisrra. Plalrs were 
prrroatrd with 0.1 prrrrnt agarose in O.Oo percent 
gly cerol and layered wit!) hollered agarose containing 
antisera. Wells wrrr tilled with standards or saliva. 
Samples were electrophoresed until tin* point ol 
equivalence ol tin* highest standard was attained. I hr 
plates wrrr thru processed lor staining and the 
migration distances were measured. Values beyond 
the standard range required dilution. A plot ot log 
concentration versus log migration distance yielded a 
linear curve lor quanliliealion (Lopez et ah, 1009). 
Lysozyme values wen* determined by radial 
quantitative diffusion using beat-killed Micrococcus 
lysodeiktiewt cells a> substrate according to tin 
procedures ol Ossennan and Law lor (1900), I latt s 
were layered with a cell suspension in buliered 


molten agarose*. Wells were cut and Idled with 
standards or saliva. I illusion was allowed to prom d 
overnight Values were determined from a plot of log 
concentration versus diameter ol lysed zone. 

The mierohiologie enumeration and immunologic 
data were recorded for appropriate statistical analysis, 
liolh a one-wav and a two-way unbalanced analysis ol 
variance were used for multiple comparisons of 
individual, paired and grouped data (SeheHr. 19. >9). 
Primary comparisons were mad** among lour 
segments of collective data tin* prechamber data, 
the data for tin* first half of the chamber 
confinement, the data tor the second hall ol the 
chamber confinement, and the postehamber data. 

Clinical Examinations . Oral examinations of each 
crewmember were made prior to SMLA I entry and 
imimdiatelv following chamber confinement. 1 he 
examinations were designed to determine changes in 
the amount of plaque and calculus lliat formed on 
the teeth, gingival response to til* SMLA I 

confinement . and teeth, bom* and soil tissue changes 
resulting from the simulated space environment. 
Plaque, calculus, and inflammation indices were 
derived from the findings. 

A plaque score for each astronaut was obtained 
b\ the use of disclosing wafers which stained the 
plaque adhering to the tooth surfaces. Lalrulus scores 
lor each crewmember were obtained by dividing thtL. 
number ol tooth surfaces that had calculus by tin- 
number of teeth. The inflammation index was scored 
according to the method of Loe and Sillies (1 Jbd) 
which graded the gingivae surrounding each tooth. 

Dental radiographs and dental easts of each 
crewmember were made prior to chandler 
confinement to provide baseline records lor 
subsequent comparisons. 

Results 

( Comparisons ol mean counts of total anaerobes, 
bacteroides. tusohaelena, ami veillonella from 

stimulated saliva and dental plaque revealed no 
obvious chamber-associated changes. Kxcept lor 
mycoplasma, individual and group fluctuations of 
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in chamber roiinl> were ol ma^nitmhs comparable 
lo those observed before .uni alter chamber 

loiiliiutiniit 

M\ coplasma counts Imm both saliva and plaipjc 
appeared lo increase sli*»hllv w ilh chamber 
conliuemctit. \n anal) >i> of variance revealed tlutl 
tin* m\ cop|j*ma increase* in the saliva ul tw o of the 
( Ivwiih ikIm'^ \vcrr statisticallv sienil u an l. 

(omits ul lolal aerobes. ri.i, staph) lococei, 

kictohacilli, and Candida Imm '•liimdated saliva were 
relative!) constant throughout the -tod\ < Innvrrselv , 
cuunt.- ul enteric organisms. which were considered 
above normal [trior to cliamhcr cntr\ . declined to loss 
ur mule teclahie levels during cliamhcr curd iiicmcti t 
and increased toward prechamher values during the 
postehamher jieriod. 

(omits ul total aerobes and neisseria in dental 
plaque lolloucd a pattern similar to those in 
stimulated saliva, hut (lie < omits ul laelohacilli and 
Candida were extremclv variable. Staph) loeoeei and 
enteric organisms wen* observed mlrcipicutl) and 
uid\ at ver\ low |r\ e|>. 

lolal anaen dies, tula! aerohc' and neisseria 
counts from residual saliva and crcvicular fluid 
showed little it an\ chance throughout tin 1 stud) 
lieeaiise ul the small volumes ol these >amp!es onlv 
the most prominent miipdlora were assessed. 

I*.\ecpt lor Stn'ptfnux’cu a nmtttt is, the ( lianye in 
the streptococcal counts were within the expected 
ranee ol variation throughout tin t<>t period, 
mutans* a earincenic urn ro-or^anism which is 
primarilv a resident td dental plaque, was found in 
muisiiallv hi^li nnmhers in slimulaled saliva before . 
during, and alter chamber confinement. 

(.omits of S. mutans attained a Inch level in 
plaque approximate!) one week before chamber 
entry, or two weeks after initiation of the space diet, 
ami remained at lii^h levels throughout sampling. \s 
with stimulated saliva, ,S. mutans counts in residual 
saliva ami crrvieular thud were loo variable to be 
meaningful 


Mean saliva llov\ rates decreased while saliva 
protein concentrations appeared to increase >li<_'hllv 
during efiamher eonlinein«‘nt. The decrease in saliva 
How rates w as statistically si<riiilh anl. hut the 
increase in saliva protein concentrations was not. 

Salivarv Iv^o/vnie remained rather constant 
except lor two periods where the mean values were 
higher tli un normal, lln* second elevation, loiind 
primari.v in two id the crewmembers, was found lo 
he statisticallv 'i”nilirant . 

Mean seeretorv I A levels demonstrated a 
persistin t increase with chamber isolation. Two 
astronaut* primarilv accounted for the statistical!) 
M^nil jean I increases. \ |(!\ eoiieentratiou ol their 

respective saliva specimens was used lor slide 
agglutination lc-ts against S. mutans and related 
streptococcal isolates. I liese tests were liet’alive 
sii^eeslino (hat the seeretorv |e-\ response mav have 
been caused hv either the oral increase* ol 
mv coplasma or hv a virus or other microbial a<irul m 
the chamber environment. 

( comparison ol clinical (‘valuations hi 4 1 or** and 
.liter chamber isolation showed slight to moderate 
changes iri the oral lieallli imliees. \ paired t-lesl of 
tlie data. however. revealed no statisticallv ->i<:iid icunt 
(lil lep fM **'. 

Discussion 

The increased counts of mycoplasma wen* 
unexplained and their impact on oral health is 
presently unknown. Since .S', mutans reached a 
prominence in dental plaque two weeks after space 
diet initiation and one week before chamber entrv . 
the increase ua- a—umed lo he diet related. The 
impact id the emergence ol this eario^enie organism 
on sii h i| u < n t dental canes awaits clinical 
continuation 

The deer. *a>ed number of enteric bacilli was 
attributed to conscientious personal hvjiieiie efforts 
and the demised saliva flow rales were ascribed to 
possible st re>" or other factors alh*< linji normal 
physiolocv . 
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Secretory IgA am! salivary' lysozyme elevations 
were considered to lie responses loan endogenous or 
environmental microbial agent. The increased oral 
health scores were indicative ol insullieient oral 
hygiene practices during ( handier conlinenienl. 

Conclusions 

The oral health status ol three astronauts wu> 
monitored before, during and after SWEAT, a 56-day 
simulation ol the Skylab missions. Laboratory and 
clinical parameters which are considered to he 
ultimately related to denial impairments were 
evaluated. The most notable changes were observed in 
increased counts of mycoplasma and S. nut tons, 
decreased counts ol enteric bacilli, decreased saliva 
flow rates, increased secretory IgA and salivary 
lysozyme levels, and increased clinical scores ol 
dental plaque, calculus and inflammation. 

The relevance of both the laboratory and clinical 
findings to dietary change, chamber confinement or 
the future development of oral disease may be 
confirmed by subsequent poslchamber evaluations. 
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CHAPTER 17 

HABITABILITY/CREW QUARTERS - EXPERIMENT M487 

Robert L. Bond 

Lyndon B. Johnson Space Center 


A spacecraft represents a unique arid, in many 
respects, a different environment in which to live lor 
any extended period of time. For a long term mis- 
sion, considerable attention must be given to the hab- 
itability characteristics of the vehicle* The dilliculties 
and discomforts endured during Cemini and Apollo 
{lights must be eliminated before interplanetary flight 
can be undertaken. However, habitability data col- 
lected for earthbound stations may not be adequate 
as a basis for the design of future space vehicles. For 
example, crewmen have noted that the Apollo Com- 
mand Module, which is relatively cramped during I g 
tests, assumes a more spacious character in zero grav- 
ity when movements can he made freely in three 
dimensions. 

The need for habitability data relating specifically 
to space vehicles is well recognized and plans have 
been made to use the Skylab Program to provide a 
fund of meaningful information on a number of hab- 
itability variables. Skylab Experiment M487, 
Habitahility/Crew Ouarters, is designed to provide an 
operational evaluation of the Skylab habitat by gath- 
ering data regarding the manner in which crewmen 
carry out their daily living and working routines 
during the missions. 

The success of the Skylab habitability experiment 
will depend, in large measure, on the adequacy of the 
data collection instruments and the manner in which 
they are used. For this reason, the M487 experiment 
was included in the SMFAT Program. To gain realistic 
experience in handling the M487 protocols, the four 
M487 objectives to be met in SMFAT were: 

1 . To obtain use -efficiency and use-time infor- 
mation for the environmental measuring 
instruments. 


2. To obtain crew evaluations ol the variou> sub- 
jective data formats and the times invohed in 
their use. 

8. To evaluate the communications disciplines 
associated with complete dependence upon 
voice recorded data. 

4. To evaluate flight scheduling and timeline 
requirements for the experiment. 

The evaluation of the SMFAT chamber as a hab- 
itat was not an objective of this experiment: however, 
useful habitability data were collected during tin tr>t 
that are applicable to tin* Skylab Program. 

In keeping with the intent of M487 in SMI. A I 
onlv those results which reflect directly on tin 1 con- 
duct of the flight experiment are included in thi> re 
port. SMFAT habitability assessment data, such as 
the environmental measurements obtained with the 
VI 487 instruments, are not presented or discussed. 

Test Hardware 

The hardware employed by M487 can be 
categorized into two major groups: environmental 
measuring instruments and subjective evaluation 
formats. The instruments are further classified as ex- 
periment equipment and supporting equipment. 
Three different subjective formats were used during 
SMFAT: a rating form, a debriefing questionnaire, 
and an environmental evaluation scale. 

Instruments 

The M487 hardware has become something of a 
test case in an attempt to procure ''off-the-shelf' 1 
items, conduct a minimum qualification-test program, 
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and certily lti*rh 1 readiness. The Development Center 
(Marshall Span* Flight Center) lor the M487 experi- 
ment chose to conduct this t\ pc ol procurement 
since the hardware requirement lor tin* experiment 
was (piite simple and straigh I forward: to provide a 
small assortment ol measuring devices useful in 
obtaining quantitative data to supplement the crew- 
men's subjective impressions of various habitability 
related parameters. 

Fxp<>riment Fquipmont. Ihe experiment cquip- 
ment includes: 

1. \ elometer 

2. Sound Level Meter 
Frequency Analyzer 

4. Thermometers (for ambient atmosphere) 

». Thermometers (for surface temperatures) 

(>. Fort e (iauge 

7. Tape Measure 

8. Fqiiipmcnt (Container 

Supporting Equipment. The instruments con- 
tained within the Skylah onboard inventory to be 
jointh used b\ M487 inelude: 

I. ('().>/! )ew point Monitor 

2 One Decree Automatic Spotmeter 

8. Photographic F.quipmeiit anti Accessories 

An equipment eontamer \y> developed to house 
the A 148 7 peculiar equipment. Tins unit, which 
resembles tile Sk\ lab tool kit, is a compact m*H- 
containcd module with three slide-out drawers. The 
instniments are shock mounted in cutouts recessed 
into closed cell Mo/.ite inserts within each drawer 
The container is designed to fit into a standard 
Skylah stowage locker, as depicted in Figure 17-1. In 
the SMF.AT chamber, the AI487 equipment container 
was located in stowage locker 708 within the 
wardroom. 

The experiment equipment used in the SMF AT 
Program was the qualification-test hardware. This 
hardware was of flight configuration except for two 
late changes which were identified al the M487 
Critical Design Review held on June I, 1072. The 
first was a redesigned drawer latch (welded instead of 



bonded) which will he more reliable under multiple 
uses, and the second was the incorporation of finger 
cutouts in the Mo/.ite to facilitate instrument removal 
and replacement. 

Subjective Formats 

Although not hardware, the subjective formats 
are included in this section berause a major effort 
went into their development and they do represent 
separate Mow age items requiring unique timeline 
scheduling lor their use. All the various subjective 
format." were llighl configured and contained many 
zero g related items that were obviously not ratable 
by the SAIL A I crew. These items were not used 
during SMF AT 

Hating Forms, fin* Subjective Rating Form used 
by the SMF A I crew was a ’’cue card containing 
generalized compartment design information on one 
side and equipment adequacy information on the 
other side, figure 17-2 shows the form used for 
general compartment evaluations. Items on each side 
of the card were alphanumerical!) coded to facilitate 
inflight voice recording of the evaluation data. In 
preparing the Vue card." a section was inadvertently 
omitted which called for evaluating certain items of 
equipment in terms of their frequency of use rather 
than in terms ol an absolute assessment of their 
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STATE NAME & DATE 

STATE CODE, THEN NUMERICAL RATING FOR EACH ITEM TO BE RATED (either by 
row or column). 

EXPLANATORY COMMENTS ENCOURAGED, ESPECIALLY FOR RATINGS OF 3, 4. OR 5. 


RATING 

1 

2 

3 


4 

5 


SUBJECTIVE RATING SCALE 
DEFINITION 

EXCELLENT: Improvements matter of individual crewman preference 
VERY GOOD: Minor improvements possible, but not really necessary. 
ADEQUATE : Some shortcomings found and a few improvements would be 
desirable. 

POOR: Shortcomings found and improvements are necessary. 

UNACCEPTABLE: Gross shortcomings found and improvements are 
mandatory. 


PARAMETER J 

TO BE /; 

RATED /£ 

/ *** 

7 AA/ 

/i ?/$/§ 

7~/ 

?/ 

/* 

i/ 

A 

— 

T j 
/ ^ * 

Compartment general 

arrangement and orientation 

EA 

FA 

AA 

MA 

WA 

HA 

SA 

Volume of compartment 

EB 

FB 

AB 

MB 

WB 

HB ( SB 

Ceilinq/floor proximity 

EC 

zzzz 

lilt 

ilL 

WC 

HC ; SC 

Compt ingress/ egress provisions 

ED 

fcT 

AD 

MD 

WD 

HD 

SD 

Trash collections provisions __ 

EE 

FE 

AE 

ME 

WE 

Hb 

Sfc 

Stowaqe volume and access 

EF 

FF 

AF 

MF 

WF 

HJh 

SF 

Temporary equipment restraints 

EG 

FG 

AG 

MG 

WG 

HG 

SG 

Personnel mobility aids 

EH 

FH 

AH 

MH 

WH 

HH 

SH 

Personnel restraint devices 

El 

FI 

Al 

Ml 

Ml 

III 

ill 


"Use FWD/DOME column for 2nd Deck evaluation. 


Figure 17 2. Subjective rating for general compartment accommodations. 


design adequacy. This form was included in the 
checklist and was used concurrently with the rating 
scale. Figure 17-3 shows the use frequency rating 
form , 

Debriefing Questionnaires. In order to stimulate 
group discussion among crew men concerning various 
aspects of Sky lab habitability, a set of questions was 
prepared for use as part ol the regular off-duty day 
debriefing. The questions were designed to gather a 
more comprehensive assessment of certain aspects of 
habitability which were not readily amenable to the 
rating scab’ form of evaluation. The rating scales were 
designed to elicit individual evaluations, while the 


questions were intended to create a discussion 
atmosphere which would allow a free exchange of 
ideas between the crewmen and thus possibly prompt 
a more detailed evaluation of design inadequacies and 
potential corrective actions. A sample of the ques- 
tions used is shown in Table 17-1 . 

Environmental Scales. The environmental scales 
were designed for use in conjunction with the 
instrument surveys of the environment. These scales 
were intended to gather the crewmen’s subjective 
evaluations of the environment for correlation with 
the quantitative measurements obtained from the* 
instruments. Figure 17-4 shows the environmental 
scales. 
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Tahir IT I 

lull ir^l 1 1 I Vbrieling khicslioiis 
l srd lor l)a\-9 in SMI \T Mission 

1 . What particular aspects of the O/A seem well designed 
and arranged for living and working in zero-g? 

What aspects are deficient, and how? 

2. Which restraint device offered the most assistance in per- 
forming tasks, which the least? What recommendations 
do you have for improvements? 

3. What visibility problems have been created by shadowing 
within the O/A? What areas, or activities, are most 
affected? How practical is portable supplemental 
lighting? 

4. How effective is non-equipment-assisted verbal communi- 
cation throughout the O/A? 

5 How satisfactory are the food management and dining 
accommodations? How well does the food adhere to the 
utensils when eating? Would a closer tray to-mouth 
proximity be desirable? 

6. In what ways has zero-g been helpful; in what ways a 
hinder a nee? 


Test Methods 

Since (hr prime purpose lor incorporating M487 
into the SMI'. VI Program was to rain experience with 
all aspect.** of thr experiment protocol. a dedicated 
rliorl was made to follow thr anticipated Skv lab 
flight procedures and schedules. 

Instruments 

Thr M487 rxprrimrnl anti supporting equipment 
was scheduled for periodic use throughout the 
SWEAT Program, with each crewman having at least 
two opportunities to operate each instrument. The 
instruments are categorized into scheduled use items 
and diserelionary use items for inflight application, 
but all instruments except the tape measure were 
scheduled for use during the SMKAT Program. 
Scheduled inflight items are the velometer, the sound 
level meter and frequency analyzer, and the tem- 
perature measuring devices. Discretionary inflight use 
items are the force gauge, the spolmelcr, and the tape 
measure. Environmental survexs were scheduled on 
SWEAT mission days 10, 23, 38, and 55, and 
required the use of each scheduled instrument in each 


compartment within the SMIvAT chamber. The in- 
struments scheduled for use on these days were 
divided among the crewmen in order to share the 
workload and to gain opportunities for use ex- 
perienee. The data were voice recorded in order to 
avoid as much onboard logging as possible, although 
the crew found it more convenient to log the 
instrument measurements as they were made and 
then read them into the recorder all at one lime. 

Subjective Formats 

The use ol the subjective formats was scheduled 
into the timeline in aecordauce with anticipated 
Sky lab (light Use >e||ed ules. 

Rating Form s. The initial SWEAT timeline called 
for i ivr uses per man ol thr rating form. Three 
objectives delined this >ehcdule: first, to determine 
reliably exactly how much time was required to use 
the forms; second, to determine whether or m>t the 
lorni would become more of an irritant than a data 
source because ol repeated use; and third, to identil) 
anx attitude >hi(t> toward the items being rated as a 
I miction ol their prolonged use. Supplementing the 
assigned ratings with explanatory comments wa> 
considered essential for proper interpretation of the 
ratings, especially lor those items rated at midscale or 
lower. 

Debriefing Questionnaires. Tile debriefing ques- 
tionnaires were designed specifically for the three 
olf-dutv day debriefings scheduled for the SE-2 
mission and were used intact lor SWEAT. A fourth 
set ol questions was also developed which addressed 
the experimental protocol rather than hahitabilitx 
assessment per sc. The questionnaire uses were 
scheduled lor mission days II, MJ, 32, and 47. 

Fnvironmentai Scales. Tin* environmental M ales 
were included as a page in the M487 checklist which 
contained the instrument use procedures. The time- 
line called lor the use of this form by each crewman 
during each scheduled environmental measurement 
day. 

Ad Hoc ( .omments. During Sky la b flight, Experi- 
ment W487 will he limited in its ability to make the 
timeline impositions required to full\ document crew 
responses to all aspects of habitability . Those items 
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INSTRUCTIONS: 


USING THE FOLLOWING 5- POINT SCALE, VOICE 

RECORD YOUR USE FREQUENCY OF 

THE ITEMS LISTED BELOW. 




RATING 

USE FREQUENCY 


1 

(very often) 

Dally * or every available opportunity 


2 

(often) 

Every day or two 


3 

(average) 

About once a week 


4 

(seldom) 

Infrequently - 

once every two or three 

weeks 

5 

(never) 

Not at all - (define whether Item is ill 


designed and difficult to use or found 

to be 


unnecessary) 



EXPLANATORY COMMENTS ARE 

ENCOURAGED. 



CLOTHING ITEMS 

OFF-DUTY ITEMS 


A. Jacket 

M. 

Tape player 


B. IV boots 

N. 

Headset 


C. IV gloves 

0 . 

Microphone 


D. Bump hat 

P. 

Playing cards 

State the 


Q. 

Books - (pleasure) 

letter 

SLEEP COMPARTMENT ITEMS 

R. 

Hand exerciser 

designator 


S. 

Hand balls 

of the item 

E. Pillow 

T. 

Darts & board 

and your 

F. Blankets 

U. 

Exer-gym 

rating of 

G. Light baffle 

V. 

Binoculars 

that item. 

H. Privacy curtain 

W. 

Windows (W/R - STS) 



*X. 

Chess game 


SUPPORT ITEMS 

*Y. 

Course material 



*Z. 

Manual dexterity kit 



I. Penllghts 

J. Scissors 

K. Tool caddy 

L. Portable fan 

NOTE - ASTERISKED ITEMS (*) APPLY ONLY TO SWEAT AND WILL NOT 
APPEAR ON THE FLIGHT FORM. 


Figure 17-3. Evaluation form for equipment use frequency. 


deemed most important for evaluating Skylab habit* 
ability have been included in the various M487 data 
sources specifically developed to support the experi- 
ment. However, it is anticipated that additional data 
will be available during the missions in the form of ad 
hoc comments offered by the crew’ as they conduct 
their routine communications between the spacecraft 
and mission control. In order to assess the quantity 
and quality of data available through this means, the 
daily SMEAT reports were reviewed and random 
samples were taken of routine communications, 
which will be transcribed for Skylab, but were not for 
the SMEAT Program. 


Results and Discussion 

The results and discussion presented in this 
section are limited to only those data obtained during 
the SMEAT Program which impact the Skylab M487 
protocol. Therefore, only representative examples of 
data actually gathered are presented. Complete 
transcripts of the debriefing questionnaires and the 
environmental measurement data are available 
through the M487 Principal Investigator. 

Instruments 

The two most significant outputs of the 
instrument uses were: 
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INSTRUCT] QMS : 

VOKf RECORD YOUR IMPRESSIONS OF THE FOLLOWING ENVIRONMENTAL PARAMETERS IN 
EACH COMPARTMENT THROUGHOUT THE ORBITAL ASSEMBLY. IDENTIFY YOURSELF, THE 
COMPARTMENT, THE DATE, ANO THE TIME. ALSO IDENTIFY ANY ITEMS ON WHICH YOU 
CHOOSE TO MAKE SURFACE TEMPERATURE MEASUREMENTS EXPLANATORY COMMENTS 
ARE ENCOURAGED. 


PARAME TER 

A 

B 

C 

D 

E 

1. ILLUMINATION 

EXCESSIVELY 

BRIGHT 

BRIGHT 

ADEQUATE 

DIM 

EXCESSIVELY 

DIM 

2 . AIR 

temperature 

UNCOMFORTABLY 

HOT 

COMFORTABLY 

WARM 

COMFORTABLE , 
neither warm 
NOR COOL 

COMFORTABLY 

COOL 

UNCOMFORTABLY 

COLD 

3. HUMIDITY 

UNCOMFORTABLY 

DRY 

DRY 

COMFORTABLE, 
NEITHER ORY 
NOR DAMP 

DAMP 

UNCOMFORTABLY 

DAMP 

4. AIR FLOW 

UNCOMFORTABLY 

DRAFTY 

DRAFTY 

COMFORTABLE, 
NEITHER DRAFTY 
NOR STILL 

STILL 

UNCOMFORTABLY 

STILL 

b. NOISE 

ANNOYING 

CONTINUOUS 

NOISE 

ACCEPTABLE 

CONTINUOUS 

NOISE 

NO 

DISTURBANCE 

ACCEPTABLE 

INTERMITTENT 

NOISE 

ANNOYING 

INTERMITTENT 

NOISE 


READ T*-i NUMBER OF THE PARAMETER FOLLOWED BY THE LEHfR RATING 
YOU ASSESS *0R THAT PARAMETER. 


I* i*»ur<* 17 I I*. v «« lua t io n lurtn Tor environmcntiil lr.it urr> 


1. I lie determination ol actual time required to 
conduct a sun e\ . 

2. Tile veril ical ion ol operating procedures and 
reporting formats. 

Io use any ol tin* units included in the scheduled 
surveys required about .50 minutes ol a crewman s 
time Iron* instrument tiristowagc to "towage and 
voice recording ol tin* data. Tin our exception was 
tin* sound Irvrl nirlrr/ 1 requenc\ analyzer combina- 
lion, which took approximately b"> miuules because 
ol the requirement to step successively through 
eleven dillm nt Irequeney hands ratlirr than making 
a single reading per compartment (u> was required 
with tin other instruments). The initial use ol the 
sound meter and tin* velometer required an additional 
ii! tern minutes lor battery loading and instrument 
assembly. Sky lab flight timelines lor instrument u h ‘ s 
will be scheduled lor no less than To miimtes. 


Tlie >\ll\ VI ere\% iiii'ii found the \1T87 instru- 
ment surveys to L o* more ettieient it the use times 
during the day were staggered. This eliminated the 
potential eongesthui ol two crewmen concurrently 
taking different measurements in the same area. It 
also reduced tlie use constraints on voice recording 
time by spreading out the data retrieval cycle. Tin* 
crewmen suggested that instrument use efficiency 
would be enhanced il they were allowed to specialize 
in tlie use of one or two instruments rather than 
requiring all to he proficient with the entire 
inventory . Holh suggestions will he incorporated in 
the plans lor flight u>e of the MTH7 experiment ami 
supporting equipment. 

One ol the more interesting results of the MT87 
instruments presence m the chamber was their 
discretionary Use to supplement subjective im- 
pressions and to quantity data items for interested 
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Suhjri'livc Halinj; Data lor (i<‘ii<ralizi , il (!oni|>arlmcMt Doi^n 


Compartment Day Crewman 


6 CDR 

EXPT 4 PLT 

8 SPT 


WARD- 

ROOM 


6 C 

4 P 

8 S 


6 C 

WMC 4 P 

8 S 


6 C 

SLEEP 4 P 

8 S 


SECOND 

DECK 


Design Feature/Accommodation 
abcdefghi 

333333333 
3 3 2 2 4 3 2 

3 3 3 3 3.5 3 4 

34324333 

4 3 2 2 3.5 3 

36 3.5 3.5 3.5 3.5 3 

34323333 

3 3 2 2 2 

4 4 3 3.5 3.5 4 

33323333 

3 3 2 2 2 2 5 

3.5 3.5 3.5 3.5 3.5 4 

443333333 

4 3 3 2 3 3 

3.5 3.5 3.5 3.5 35 


Note: 1 - Excellent, 5 = Unacceptable; see F igure 2 for complete definition of ratings. 


Tahir 1 7 3 

Frri[uriic\ of l se for ln-elmmber Ftpiipment Items 


Crewman 

Day 

A B C D E 

F G H 1 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

T 

U V W X 

V 

Z 

CDR 

6 

4 

1 3 

2 

3 

2 

1 

1 

5 

5 

2 

5 

5 

5 

3 

2 

1 

1 

SPT 

8 

2 1 1 

4 1 

2 

1 

1 

2 

1 

1 

5 

1 

5 

5 

5 

5 

5 

1 

5 


Note: See Figure 3 lor list of equipment items 


parties who had no onboard hard ware lor such 
purposes. An example was the use ol both types ol 
temperature sensors to determine the most acceptable 
water temperature lor the shower. Such discretionary 
uses of the instruments, either at crew option or 
ground request, will be their primary in 11 ight use 
mode. 

Subjective Formats 

Representative results are covered in this section 
for the various subjective tormals used, and the 
related discussion will address any protocol changes. 


Hating Forms. The first use of tin rating forms 
revealed several operational difficulties, first, to 
complete both sides ol the cue card took about 
fifteen to twenty minute*, which was nearly twice l he 
time that had been anticipated. Second, some 
problems were encountered in interpreting the voice 
data. These difficulties were associated with the 
listener confusing the alphanumeric designations. 
Finally, and most importantly, there was less than 
wholehearted crew acceptance ol the forms as useful 
data tools. The major complaint was that the lortns 
were too mechanical and constrained the crew s 
attempt- at subjective evaluation. 
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> i vt* Hating Data for Kquipmenl Itnus 


Equipment Item 

Crewman 

CDR 

PLT 

SPT 

Parameter 

Parameter 

1 

Parameter 

A 

B 

C 

A 

8 

C 

A 

B 

C 

OWS fireman's pole 




2 

3 

3 




OWS dome and wall handrail 

3 

2 

3 







Triangular shoes/grid 

3 

3 

2 

2 


3 




Trash airlock 

3 

4 

3 

2 

3.5 

3 5 




Wardroom table (eating station) 

2 

2 

2 

2 

2 

3 

3 

3.5 

3 5 

Wardroom table (non-eating uses) 

2 

2 

2 

2 

2 

3 

3 

3.5 

35 

Water dispenser (food) 

2 

2 

2 

2 

2 

2 

2 5 

3 5 

2 5 

Drinking water dispenser 

3 

3 

3 

2 

3 

3 

2 5 

3.5 

3.5 

Food tray 

2 

2 

2 

3 

3 

3 

3 

3 

3.5 

Food cans 

3 

3 

3 

3 

3 

2 

4.5 

3.5 

4 

Drinking containers 

4 

4 

4 

2 

2.5 

2 5 

4 

3.5 

4 

Seasoning dispensers 

3 

3 

3 

3 

3 

2 




Eating utensils 

4 

3 

4 

3 

3 

2 

3.5 

3 5 

3 5 

Fecal collection equipment 

3 

4 

3 

3 

3 

2 




Urine collection equipment 

3 

4 

3 

2 

3 

2 

4 

4 

4 

Hand washer 

3 

3 

3 

3 

2 

3 




Drying stations 

2 

2 

2 







Whole body shower 







3.5 

3 5 

3 b 

Sleep restraint 

3 

3 

3 


3 

3 





Note: 1 = Excellent, 5 = Unacceptable; see F igure 2 for complete definition of ratings. 


A compilation of the dala retrieved from the first 
use of the rating forms is shown in Tables 17-2, 17-3. 
and 17-4. A short set of comments was offered in 
support of the actual rating.-*. They arr not presen ted 
in this report. 

Following the crews first use of (lie "cue card/' 
the card was reconfigured in an attempt to increase 
crew acceptance, since it was still considered to be a 
worthwhile evaluation instrument. A copy of the 
revised form was passed into the chamber for crew 
evaluation, it was evaluated as no better than the first 
edition and the use of the subjective rating form was 


discontinued for the remainder of the SMKAT 
Program. 

Subsequent use of the reconfigured form in a 
recent Skylah crew training exercise which simulated 
several days of the SL-2 mission revealed rather 
similar crew reaetions. although all parties agreed that 
the data which the form was designed to retrieve were 
indeed worthwhile, 

As a result of these experiences, the cue card has 
now been abandoned for Skylab inflight application. 
However, the individual segments of the revised card 
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arc now being expanded and incorporated into the 
\!4M7 checklist, w ith a two-page format bring used to 
present use instructions and evaluation criteria on one 
page and the items to In* evaluated on the facing page. 
This scheme will be baselined as the SL-2 subjective 
evaluation format. 

The scheduling of the subjective evaluations will 
also be modified as a result of the SV1FAT 
experience. The equipment evalt ations will be made 
twice, once yearly and once late in the mission; the 
compartment accommodations will be evaluated oner 
about midmission; and tin 1 equipment use frequency 
w ill be re corded once, late in the mission. 

Debriefing Questionnaires. The debriefing ques- 
tionnaires had a high degree of crew acceptability . 
Kach scheduled use was completed, and, on occasion, 
an extra question or two was added to the list to 
cover some specific item ol interest that had arisen 
since the previous debriefing. A representative 
excerpt is provided here to indicate the quality of 
data that this method of retrieval elicited. 

“Mission Dav 11 Debriefing” 

Question #5 - How satisfactory arc the lood 
management and dining accommodations? How well 
does the food adhere to the utensils when eating? 
Would a closer trav -to-mouth proximity be desirable? 

Answers - 

SPT - The food system is surprisingly good. The 
travs heat well -the water dispensers work well -the 
total activity required to prepare, consume, and clean 
up after a meal is something of a nuisance but no big 
problem. 

PLT Trash accumulation associated with dining 
is the biggest problem. The manipulations of prep and 
post are a pain, but necessary. Forty to fifty pieces of 
trash are generated per meal and their constant 
management is the main drawback to the food 
system. The utensils are too small to handle com- 
fortably. 

CDR - Agree with tra>li comments. Each guy 
should handle his own residue rather than constantly 
passing item> to a single trash manager. For SMFAT 
we are dumping most trash into a large food can 


which is placed in the middle ol the wardroom table. 
If this scheme is used lor Might, a restraint will be 
required. The pantry system seems well organized. It 
takes about 40 minutes to prep-eal-and set up lor tin 
next meal. The wardroom table is well laid out to 
rope with this job. We like tin- table arrangement of 
lacing each other because it lends itsell to a nice 
social atmosphere in conjunction w ith eating. Also a 
ir«od place for group discussion and timeline planning 
activity. The zero g aspects ol this question ran t be 
addressed vriy well. 

Environmental Scabs. The environmental rating 
scales were intended for use each time an instrument 
survey was made in order to obtain subjective data to 
correlate with the quantitative data. However, some 
inteqiretation problems were associated w itli their 
use. Seemingly, all possible combinations o( Use were 
found : 

1. Mating each parameter for each compartment 
( as was intended ). 

2. Rating only the parameter associated with the 
instrument that particular crewman was using. 

3. Announcing an overall chamber rating lor 
each parameter, integrated over all com- 
partments. 

Due to the confusion which the scales seemed to 
generate, and due to the logistic difficulty of 
acquiring scale ratings in clow? proximity with 
instrument readings, the environmental w ales will not 
be used inflight. 

To salvage the subjective environmental data 
during flight two changes will be made in the M 48 ( 
protocol. First, three environmental parameters 
(noise* level, thermal comfort, and illumination) will 
he added to the subjective evaluation form under the 
compartment accommodations section. Second, there 
will he an environmental assessment question added 
to each debriefing session. 

Ad Hoc Comments 

One of the most beneficial data sources was the 
communication interchanges between the crew and 
the capeom. Numerous items of interest to M487 
were either specifically discussed in response to 
questions or unsolicited!) offered during the 
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dcbricliug. Since must of tfiis type ol information 
wih problem oriented, it is discussed in more detail in 
the following section. This type ut data sourer is 
expected to provide a major sourer ol habitability 
assessment data during tin* Skytab (lights. 

Problems 

Tlie ilnio covered in this section n lale primarily 
to tin 1 Discrepancy Reports (I )R*s) initiated against 
M187 during the course of the SMK VI Program. 
Those difficulties that M 107 encountered with 
respect to protocol have hern addressed in previous 
sections. 

M487 Discrepancy Reports 

llie DK's initiated against M4R7 are listed in 
numerical order with a statement ol tin problem and 
tlie solution. 

I'roblcm - The prohe portion ot the M487 digital 
thermometer became inoperative 

Solution - Tin* inoperative probe was removed 
from tin* chamber and a replacement unit was passed 
into the crew. The replacement unit was a new 
configuration which corrected an electronic open 
circ uit inherent in tlie manufacturing process lor the 
probe sensor tip. The* new configuration will be Used 
onboard Sky lab. 

Problem- One of tlie ambient thermometers 
(S/N 002) appeared to be reading |0°l‘ low. 

Solution - Tlie defective instrument was removed 
from the chamber and a calibration lot was 
conducted. I’lic te st revealed that the* unit was indeed 
reading from 8 to 10 ° How throughout its entire 
range. No visible 1 damage could lie detected ami no 
obvious reason could be* lound lor the anomaly, 
although it was suspected that a late ral impact to the* 
stem caused the problem. The* thermometer was put 
into bonded storage* until the* end of tin* SMEAT 
Program and then returned (or failure analysis. No 
results arc* available as ol the writing ol this report. 
However, the M487 checklist will inc lude* a note on 
precautions to be followed when handling ami trans- 
porting the* ambient thermometers. 


fonblcm Exactly tin* same as the previous item. 

Solution - The same procedure was followed lor 
tin* second ambient thermometer failure, and the* 
outcome was precisely the same. Pending sonic 
reassurance from the- failure analysis that this 
anomaly can he- corrected in the* flight units, the 
prime instrument for inflight ambient temperature 
measurements will be* the* onboard COg dewpoint 
monitor. 

Problem ■ The M 187 instruments arc* stowed in 
Mo/ite inserts (configured to instrument dimensions) 
within the- equipment container, and the fit is tight 
enough to make instrument re trie val difficult. 

Solution - The Mo/ite problem is one ol universal 
application to Sky lab sinc e* numerous stowage* areas 
onboard make use- of this material for shock 
mounting. Tin- material has been tested under a 
variety of pressures and seems to contract markedly 
during tin- 2(> psi launch environme nt and expand 
when tin* pressure falls to tin* o.O psi see n in orbit. 
The M487 stowage- scheme lias been modified to 
include linger cutouts around tin- instruments to 
facilitate* their removal and re*place-tnenl in tin* kit. 
This modification was independent of the difficulties 
induced bv the spacecraft pressure environment since* 
the M487 Mo/ite was evaluated a> too tight a lit even 
at ambient sea level pressure-. 

l\oblrni The onc-degree spolmrtcr is not an 
incident light-reading device and needs a reflective 
surface to be used a- an ambient illumination 
survey device- . 

Solution - \ standard 8 * 1.0 percent reflective card 
was slowed in tin- chamber lor use- with the 
spotmeter during the- SMEAT Program, and a similar 
card will lie- included as a blank page (approximately 
identified) in lh«- M487 checklist for use* during 
Skvlab flights. 

Habitability Related Items 

In support ol the- M487 mpiesl to receive 
transcripts ol all Sk\ lab inflight communications, and 
to support tin earlie r remarks regarding the value* of 
the ad hoe comments during the- SMEAT Program, 
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the following examples ol significant habitability 
related items (retrieved via t h is nirans) are provided: 

Urine spills 

Wipes quantity and t juality 
I lousekeeping procedures 
Beverage* container leaks 
Vacuum cleaner diHicultics 
Can crusher procedures and problems 
I* ecal bag handling and st aling 
Hygiene period rescheduling 

Use* ol Command Module spoon as Orbital 
Workshop eating ute'nsil 
Lint and dust collection 
( Nothing preferences 

Detailed discussion of the items in this list can he* 
found in other sections of this re port. 

One last comment is offered in support ol 
habitability as an entity as opposed to habitability 
when constrained by outside influences, such as 
biomedical data considerations. Were it not for the* 
requirements to collect urine and fecal samples, the 
waste management facilities could have been designed 
to avoid many of the problems observed in SMKA ! 
and anticipated in Skylab by simply treating these 
items as disposable. A systematic review of the entire 
habitat might reveal other areas where habitability 
has been compromised because of experimental or 
operational constraints. 

Flight Impact 

Three major areas of flight impact emerged from 
die M487 experience in the SMLAT Program: 

I. Reconfiguration ol portions ol the subjective 
data package. 


2. Scheduling implications. 

,‘L Instrument use philosophy 

As previously discussed, the ‘Vue card rating 
format has been abandoned in lavor ol a le» rigid 
evaluation scheme with greater emphasis on 
supporting rommenlan and less emphasis on the 
assignment of unique scalar values. I he subjective 
approach to the environmental data has been 
reoriented to allow more freedom for the crewmen to 
discuss their impressions rather than loreittg scalar 
choices. 

Based upon the SMKAT experience in scheduling 
unique timeline periods to accomplish the various 
portions of VI4B7. and (lie actual times required lor 
performance, inflight use ol ail data sources except 
the dehrieling questionnaires has been reduced. More 
freedom has also been granted the flight plan tiers in 
scheduling the various Y148< data sessions into the 
timeline. Since many of the IY1487 data acquisition 
items have minimal time requirements, and arc not 
uniquely constrained by orbital position or lime ol 
day, they may he conveniently scheduled as timeline 
activities when a small lime period is available. 

The periodic instrument surveys are 
time-consuming ami somewhat redundant in purpose 
unless there has been a change ol some significance in 
the onboard environment. The current philosophy is 
to obtain an early survey lor baseline purposes and 
rely upon the crewmen to detect and report changes 
in their impressions of the various Skylab environ- 
mental elements. The measuring instruments will 
serve as discretionary devices available to verily 
subjective impressions, quantify anomalies, or assist 
mission control in troubleshooting as necessary . 
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Biomedical support hardware for SMEAT con- 
sisted basically of two systems, the Inflight 
Medical Support System, known by the acronym 
IMMU, and the Operational Bioinstrumentation 
System, or OBS. The former is essentially a diag- 
nostic and therapeutic kit; the latter is a belt 
equipped with sensors worn by the crewman to 
permit monitoring of his vital signs. Special atten- 
tion was given during SMEAT to the use and 
verification of the items in the IMMU so that 
changes required in the equipment could be pin- 
pointed and effected prior to the Skylab mission. 
During the in-chamber testing, evaluations were 
made of the effectiveness of the proposed micro- 
biology' procedures, techniques, equipment, and the 
stability' of media and reagents over the extended 
period of storage. These evaluations are described 
in this chapter and, in more detail, in Chapter 21, 

Inflight Medical Support System 

The Skylab Inflight .Medical Support System 
provides a diagnostic and therapeutic capability in 
space. With the aid of preflight training and direc- 
tion from the mission Flight Surgeon on the 
ground, a crewman can use the IMSS to diagnose 
illness and treat illness or injury in earth orbit. 
For diagnostic purposes, standard clinical tools 
such as a stethoscope, sphygmomanometer, and 
thermometer are provided. The unit also contains 


medical laboratory equipment lor blood analysis, 
urinalysis, and microbiological work. The IMSS 
therapeutic equipment consists of bandages, drugs, 
both oral and injectable, and a minor surgery ki( 
outfitted for the care of wounds and broken 
bones. The drug assortment is large enough to 
allow for the treatment and prevention of infec- 
tion, disease, or allergy. Also supplied are 
catheterization and dental care kits. Figure IB- 1 (a, 
b) illustrates the components of the IMSS and its 
use. 

The chief difficulties associated with using tin* 
IMSS were inadequate lighting and insufficient 
work space. Shortcomings were also noted in 
connection with the slide* stabler and the 
microscope. These problems have been corrected 
for Skylab. 

The clinical tools in the diagnostic kit were 
used several times in routine physical examinations 
and proved to be adequate with the exception of 
the tongue depressor and the Politzer hag. The 
tongue depressor was uncomfortable to use and 
difficult to sterilize, while the lower ambient 
pressure made it impossible to develop useful 
pressures with the Politzer bag. 

The reduced sound transmission at 5 psia had 
to be taken into account during sound-dependent 




The IMSS microscope kit and worktable 


The I MSS diagnost ic kit in use 



The IMSS kit with microscope. 

Figure t H- 1 < a >. Skylab inflight medical support >ystem. 
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The IMSS minor surgery and dental k»t. 



The drug supply kit of the IMSS. 

Figure 18-1 (b). Skylab inflight medical support system. 


clinical procedures, such as mediate percussion and 
use of the stethoscope . 

The drug kit received little use, except for 
siieh everyday items as nasal emollient, Phisohcx, 
Tinaetin, and bandaids. There was no occasion to 
lest the other elements oi the IMSS concerned 
with therapy. The crew considered the dental kit 
to he partindarly well thought-out and suggested 
the surgical kit be similarly streamlined. 


Testing IMMIJ Microbiological Capability 

The basic diagnostic microbiology capabilities 
of the IMMIJ were tested in SMRAT. This aspect 
of the kit provides for antibiotic sensitivity tests, 
preparation of gram stains, and routine laboratory 
tests to determine ihe pathogenicity of micro- 
organisms isolated from the respiratory and urinary 
tracts. The unit is also designed to take regular 
microbiological samples Iroin the crew, the 
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ehumher equipment, and the surrounding almo 
sphere lor post mission analysis. 

Tin* equipment used in microbiological studies 
included an incubator, microscope, grain staining 
apparatus, swabs, and streaking loops items. Crew- 
men did laboratory work on the door to the 
1 M\1 1 intMlule which forms a work table when 

0|H‘ll. 

Media preparation and packaging procedures 
were identical to those planned for Sky lab. All 
microbiological test media were prepared under a 
nitrogen atmosphere in sterile conditions. Blood 
agar plates were sealed in plastic Iwgs before 
removal from the cabinet and subsequent canning. 

Procedures. Skylab timelines and procedures 
were used in order to test IMMU microbiological 
components as thoroughly as possibe Many ol the 
test procedures wen* observed on closed-circuit 
television. 

Diagnostic Microbiology. Mock-illness sam- 
ples were obtained and tested on days 7. 14. 28, 
and 49. Throat samples were processed on days 7 
ami 28. A skin sample was tested on day 14, and 
a urine sample on day 49. Calcium alginate swabs 
were used to obtain the throat and skin samples 
and to inoculate blood agar plates. Urine 
specimens were collected from a urine sample bag 
with a svringe which wa> then used to inoculate 
blood agar plates. Urine samples were streaked tor 
both quantitation and isolation, while all other 
samples were streaked for isolation only. 

During SMKAT. the onl\ deviation from 
Sky tab procedures involved control sampling. At 
each sampling period, tin* S!*T wa> supplied with 
two freshly prepared blood agar plates lor use as 
control plates. These and test plates were 
inoculated and streaked in the same manner. One 
control was removed from the chamber imme- 
diately for incubation and analysis. The second 
control plate was incubated in the chamber with 
the test plates and was then passed out of the 
chamber for analysis. 


Alter incubation, colonies were transferred to 
additional blood agar test media for antibiotic 
sensitivity testing. After sensilivit) results were 
obtained, these eultures were used for grain 
staining and lor oxidase, catalase, and coagulase 
testing. When all data bad been obtained, a sample 
from each sensitivity plate was collected on a 
swab and placed into a test transport media vial 
containing Stewart media base. All sample vials 
were ston’d in the food chiller for tin* remainder 

of SMKAT. 

lest results obtained in-chamber were com- 
pared to the results obtained from the controls, 
and the lability oi the diagnostic lest reagents 
and antibiotic sensitivity discs were determined. 

Crew and Environmental Monitoring. (Tew and 
environmental swab samples were taken (see 
Chapter 15 for details}. Again, control media were 
iis<*d. Kadi site was sampled with two calcium 
alginate swabs. One swab was placed into a test 
transport media vial and the other into a control 
transport media vial. Twelve crew sites and fifteen 
hardware sites were sampled and stored in the 
SMKAT environment for eighteen days. Kadi set 
of control samples was transferred out of th«* 
chamber for immediate processing. Following 
storage, the test samples were analyzed and 
comparisons were made to determine the loss in 
number and type of microorganisms during 
storage. Chapter 15 provides a complete discussion 
of the iniemhiologie populations found during 

SMKAT. 

Iir Sampling. The Skvlab air sampler was 
tested once each week throughout the SMKAT 
program. Kn>hl\ prepared blood agar plates were 
transferred into the ehamber ami used for tests. 

Additional information was obtained on the 
performance of the Skylab air sampler b\ using 
the Anderson air sampler as a control. Both sam- 
plers were run simultaneous!) lor ten minutes at 
each test period. In addition, one minute and live 
minute samples were taken with the Skylab air 
sampler during each test to eompK with the 
Skylab protocol. The sample plates were passed 
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out of the chamber and im nbalcd in th(* labora- 
tory. Counts and identif nations wcr e obtained lor 
colon) tv pc present. Results from tin* two 
air samplers were then compared. 

On days 49 and 5b. an additional air sample 
was taken usin<r the l>l< mm! agar test plates in the 
Skylab air sampler. The plates were ston'd in the 
chiller lor the remainder ol the chamber coniine 
menl. The sample plates were then incubated ami 
analyzed. The results were compared to tin- regular 
Skylab air sample obtained on days 49 and >9 in 
order to determine the riled* of storage. 

Result it and Discussion. 

Diagnostic Microbiology. ^ comparison ol 
the in-chamber test results and the laboratory 
control results is shown in l able 18-1. Onh the 
results obtained from microorganisms isolated from 
both the test and control plates arc considered. 
Although the diagnostic tests an- important lor the 
detection ol a possible pathogen, the antibiotic 
sensitivity test is considered to be of prime 
importance since it suggests possible therapy. Dl 
55 sensitivity tests performed, 92 percent were 
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recorded a." sensitive, or resistant, when compared 
to the laboratory controls, a verv good correlation. 

Unsatisfactory results were obtained, however, 
with the gram stain, catalase, and coagnla>» |r*ls. 
The gram stain problem became apparent during 
the second lest when air pockets could be oh 
served inside the reagent syringes ol the slide 
slainer. The incorrect stains obtained were in part 
due to trapped air which prevented the passage ol 
stil licicut reagents to the staining reservoir. Willi 
the correction ol lhi> mechanical problem, staining 
results should be as good as results produced h\ 
routine laboratory methods. low correlation 
between lest and control results lor the catalase 
and eoagulase le>t> were lonnd to be due to 
inadequate procedure* ami methods. Modifications 
have been made that should improve the lest 
results. 

The \ and I* disc results wen* adequate, but 
can he improved by providing additional examples 
for examination during training. I he remaining lest 
results shown in Table 18-1 are considered to be 
exceptionally good. 


Table 18-1 

Comparison of Results Between In-chamber Diagnostic I csts 
and Laboratory Controls 




Mock Illness Exercise 
(percent correlation) 

Total Test 
Performed 

Average Percent 
Correlation 

Test 

1 

2 

3 

1* 


* 

Colony Morphology 

66 

86 

100 

81 


83 

Cellular Morphology 

83 

80 

100 

99 

27 

92 

Antibiotic Sensitivity 

93 

100 

90 

100 

55 

96 

Gram Stain 

75 

0 

100 

75 

12 

63 

Oxidase 

100 

100 

100 

75 

11 

9s 

Catalase 

75 

c 

100 

75 

12 

63 

A Disc 

100 

100 

100 

50 

11 

88 

P Disc 

25 

ICO 

100 

10C 

11 

61 

Hemolysis 

10C 

100 

100 

100 

11 

100 

Coagulase 

100 

Not 

Done 

5C 

75 

9 

75 
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I’ostchamhcr recovery of illness isolates stored 
in lest transport vials could only be made Ironi (hr 
tests performed on day* 211 ami W. No isolates 
were nrovcrnl from specimens stored on days 7 
and 14. Survival of stored microorganisms depends 
on tin type of microorganism, the numbers 
iniliallv present, 1 1 h nature ol the Morale medium, 
and the conditions of storage. These liiiiors ran 
nrvrr he optimal lor all microorganisms. However, 
in an attempt to maximize llir recovery of 
isolates, Skylab procedures liavr been altered to 
increase llie muimImt of microorganisms placed in 
Morale, and a sti»d\ is in progress to determine 
whether the transport medium ran be aliened 
( hriinrallv to provide improved recovery. 

Eostchainhcr stability tests ol the reagents and 
antibiotic discs did not show a loss in reactivity . 
Ml reagents and antibiotie discs maintained their 
etleetiveness throughout the seven week eliamber 
storage period when ((impart'd to controls. 

A pre-SMEAT study of tlie stored blood agar 
alone with observations made during SME AT have 
si i own the medium to he useful lor supporting 
microbial growth throughout the storage period. 
On test dav s 28 and Ub the red blood cells were 
more fragile and some darkening ol tin 1 media bad 
occurred. I’rc-SME \T studies indicated that in- 
creased hemolysis of microorganisms occurs during 
lids period of storage, but this is not expected to 
present a problem in Sky lab. The moisture content 
was maintained, microbial growth was supported, 
and tin* diagnostic tests were demonstrated to be 
feasible throughout the entire storage period. 

Crew ami Environmental Sampling. The 
transport media remained moist with no apparent 
change throughout the six teen -day storage period. 
Difficultv with the media was encountered, how- 
ever, in tin* lahoratorv preparation ol the samples 
for dilution and plating Suspensions wrrr difficult 
to obtain because ol tin* semisolid nature ol the 
media. Other methods art* eurreiitlv being tested in 
order to improve tilt' dilution and plating 
techniques. 

The survival of microorganisms isolated Ironi 
the crew ranged from no change in number to a 


l() : * loss during the storage period. Coryne- 
bacterium , staphylococcus, and streptococcus wen* 
tin* principal surviving genera. Evidence for the 
survival of the gram negative enterics is indicated 
by lln* presence ol Escherichia coli in the stored 
media. Onlv one anaerobic species, Propioni- 

bactcrium arm's, survived the sixteen-day storage 
period but was not found in tin* control vial. In a 
number of eases, microorganisms, especially 

anaerobes, were isolated Irorn the control samples 
but were not reisolated from the test vial. Mans 
of these organisms undoubtedly did not survive 
storage in the test vial, but their loss could not he 
estimated since the initial presence of tilt* 
organisms could not be determined. Sampling error 
accounts for some of the observed loss in species. 
Evidenee of sampling error was seen in cases 
where microorganism;* wen* isolated in the lest but 
not in tin* control samples. 

With the exception of one micrococcus species 
found in a concentration of 10^, all species from 
the cm irnnmcnlal samples were recovered in con- 
centrations ol 10* or less at each sampling site. 

No significant loss in the riumlxr of each 
species was indicated. In tael, one species had a 
higher concentration in the test vial. I he increase 
is most likelv due to sampling error, possibly 
compounded bv a limited amount of growth dur- 
ing the storage period. \> with the crew samples, 
a given specie.- was ustiallv not isolated in both 
the control and test vials. 

When microorganisms are present in such low 
numbers, it can be expected that two swabs, even 
though taken simultaneously , will contain equal 
samples of the microflora present. Approximately 
one-fourth of all isolations were made only from 
the lest samples indicating error dm* to unequal 
sampling of tin* population present. Since sampling 
error can be reduced by increasing the number of 
samples, the miiii of all the environmental samples 
presents a luirlv accurate evaluation ol the SMEA I 
aerobic microbial flora. Only live aerobic species 
present in either tin* test or control vials were not 
recovered from the test vials. 
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| <r Sampling. The ten minute counts ob- 
tained W it h tin* Skylah air sampler were generally 
consistent with tin* counts obtained with tin* 
Anderson air simpler. 01 the three Skylah air 
sampler plates, the counts obtained from the live 
arul ten minute plates were more consistently 
alike. The one minute plate counts were con- 
siderably higher. I his dillerence is probably due to 
contamination ol the air in the sampling area by 
the individual obtaining the sample, for such a 
short sampling period, the individual must remain 
in the area while the ^ampler is in operation, 
increasing the possibility for contamination of the 
plate. 

A valid comparison of the species isolated 
from the two sets of air samples cannot be made. 
The selection of colonies Irom the plates lor 
identification was made by dillercnt technicians 
usiiu r dillercnt methods. The species of micro* 
organisms isolated troin the Skylah air sampler 
plates were, however, representative ol the micro- 
organisms found in the SMEAT chamber by the 
Anderson air sampler and the other chamber sam- 
pling methods. 

Comparison ol the regular Skylah air samples 
taken on days 49 and 5b with the additional 
samples taken at the same time and stored 
in-chamber revealed that two-day storage has little 
effect on the microorganisms, while seven-day 
storage results in significant differences. This sug- 
gests that samples should be obtained as late in 
each Skylah mission as possible to reduce the 
storage time required. 

Conclusions. Some problems were experienced 
with the procedures and equipment used in con- 
junction with microbiological studies. These are 
discussed in detail in Chapter 21. As a result of 
the difficulties encountered, an extensive revision 
of procedures was undertaken. The revision should 
improve the I low of work and provide more 
efficient use of time and work space. Efficient use 
of the work surface is being emphasized in crew 
training. 

The SMEAT tests of the IMMC have shown 
that the unit i.- capable of providing useful 


information to the ground level medical support 
group lor assistance in diagnosis and treatment ol 
in I light illness. The IMMl can also he iixmI cHcc- 
tivelv for monitoring the mierohiologie populations 
of the crew, the environment, and the surrounding 
areas. 

Operational Bioinstrumentation System 

The other major item for biomedical support 
tested in SMEAT' was the Skylah Operational 
Hioiristrumenlation System. I he OHS i> designed 
primarily lor obtaining physiological data during 
launch, extravehicular activity, and return mission 
phases. It is also available for full-time monitoring 
of an ill crewman. 

The operational bioinslrumentation hard wart is 
designed as an individually adjustable biobelt worn 
on the body. The biobelt assembly, which ran be 
worn in either ol two inodes, suited or unsuited, 
is an electronic system that includes sensors, signal 
conditioners, and telemetry interlaces. I Ik* 
electrical harness assembly into which the signal 
conditioners arc placed and which is worn by each 
crewman is included as part ol the >y>lem. I he 
OHS is capable of transmitting electrocardiograms, 
heart rale, impedance pneumograms, and subject 
identification. (Figure 18-2) 

Testing of the OBS 

The SMEAT Program provided an opportunity 
to test the OBS prior to Sky lah. I he system was 
used during specified exercise periods. Data were 
obtained three times for the (.DR and once each 
for the SET and PIT. The crewmen exercised oil 
a bicycle ergometer for approximately one hour 
during each recording session. 

A special test was conducted during the Iasi 
week of the SMEAT Program to compare flush 
electrodes with the sponge type. Flush electrodes 
have the conductive pellet at the surface. I he 
crewman applies a small drop ol electrode paste to 
the pellet and attaches it to the body With the 
sponge type electrodes, an electrolyte sponge is 
plaeed in the electrode housing and then attached 
to the body. 
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1‘iisnrr 18-2. Opera! ional biom>truuien1alinn eieetmde* 
in li>r in the Miitrd mode. 


The OIIS performed urll <!u r i < i^r all lot 
periods hut data handling problem^ ratised tin* 
impedaiiee pnetiMio<rratn In In* lo>t tor out 1 ol tin* 
test run>. I’ojil-SMK AT eheekoul ol tin 1 >\slein 
indieated dial all eompoHent> urn* Imulionm^ 
prnperk . 


Tin* Illicit eleetrodes provided 
quality l<> tin* >poiig«‘ electrodes. 
cri'wiiHti indicated. however, that 
to use the >|>on^e electrodes lor 
consistency airier spouse eleetrodes v 
the vectorcardiogram tests. 


data ol equal 
The SMKAT 
lliey preferred 
the sake ol 
vert* ill U>e lor 


CHAPTER 19 

MEDICAL OPERATIONS 

Crew Surgeon's Report 

Charles E. Ross, D.D. 
Lyndon B. Johnson Space Center 


Primary medical and health responsibilities lor 
SMKAT were delegated to the Health Services 
Division, as shown in I* injure 19-1 * with a two-man 
team appointed to implement programs which in- 
cluded health care of the test crew and their 
families, occupational medical services lor chamber 
operating personnel, clinical laboratory support and 
hypo baric and other emergency support. 1 his team 
consisted of Dr. C. K. Ross, Crew Surgeon and 
team leader, and Mr. G . 11 . Pittman, Safety Officer. 

The Safety Officer was responsible for 
physiological training, scheduling and implementa- 
tion of the SMEAT safety plan. The Crew Surgeon 
was responsible for all other medical aspects in- 
cluding: pro- and posttesl crew physicals and care, 
testing, and a crew health stabilization plan, crew 
family health care, insurance of in-chamber water, 
atmospheric gas and food quality , monitoring of 
chamber tests and laboratory results, preparation 
of IMSS training and coordination with investiga- 
tors, the management committee, test director and 
in-chamber physician. 

Participation in SMEAT activities began several 
months prior to test and included organizing and 
attending the initial IMS S academic training at 
Sheppard Air Force Base. Full-time assignment 
began approximately one month prior to the lest. 
This period was occupied with organization of 
various supporting functions, implementation of 


the health stabilization plan, and crew testing and 
examination. 

A crew health stabilization period was started 
21 days prior to the test (this became 28 days 
with a starting slip of one week), and continued 
for 18 days following the test. 1 he crew slop t at 
home and usually hail evening and weekend meals 
there while other meals were provided onsite 
Guidelines for this period included: 

Verification of family member immunity 
Awareness and reporting of illness or potential 
illness by crew and tamily 

Crewman limited contact and activities to 
family and work-related individuals 
Crew and family avoided all con tael with 
individuals known to he ill and avoided all 
other children. 

In the event of family illness, the crewmember 
would sleep and live elsewhere. 

During the pretest period, all medical data 
gathered by experimenters which might be relevant 
to crew health were carefully screened. During the 
actual chamber run, the experiment data became a 
major source for medical surveillance and, just as 
in Sky lab, was an essential source for health 
monitoring. In addition, as in Skylab, it was 
agreed to send certain portions of these data to 
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th e crew and to make any portion available on 
request. During this period, the dental and opto- 
metric exams were made. Also, some special ortho- 
prdie ami dermatological consultations were obtained 
lor the C|)KV fracture and acne and an otolaryn- 
gology consultation lor the SPT s hearing loss and 
cervical adenopathy. All crew physicals were per- 
formed with l)r. Thornton, the SP I 

During the test, except lor a period exactly 
simulating Skylah communication schedules, all 
I.HNP (M092), vectorcardiography (M09d), and ergo- 
metry (MI7I) experiment runs were monitored i»y a 
|diysieian in a room adjacent to the chamber by I V 
and chart recorders. Monitoring of atmospheric gases 
and water was accomplished by standard IN ASA 
procedures and standards which were augmented by 
making one individual in each area responsible lor 
testing, having him present when reservoir connec- 
tions were made or broken and having him report 
directly to the Crew Surgeon. All gas cylinder changes 
were made with the crew awake. Standards had to be 
established for purchased carbon dioxide which had 
not been previously used as an atmospheric gas. 
Normal food quality control was accepted except 
that additional studies were made of pea soup 
samples implicated in a series of Cl upsets. Results 
were negative. 

It hail been mutually agreed that the crew and 
crew member surgeons would act ill concert in all 
questions ot crew health. Test results were to he 
supplied to the crewmember surgeon in-chamber. a 
series of phone conversations were to be held to 
discuss results of in-chamber exams or anv problems 
that occurred, and all medications and treatment 
in -chain her were to be mutually agreed upon. 

\ regular evening report was made by the crew 
including any anomalies, weights, and food and water 
consumed. Several limes a day, a scheduled walk- 
-around I V safety surveillance was made by tin* crew. 
All of the above data were used in preparation of a 
daily medical report presented each morning to the 
\l AT Management (.ommitlee who made any 
decisions required on items outside the normally 
planned schedule. 


Results 

Other than lor a few routine incidents mentioned 
in lb*' examination report, the prrlhjjihl period was 
routine. It was ver\ rushed, with long crew hours and 
frequent changes in plans and procedures \ w* ighJ 
loss w as established in the SPT and it was assumed 
this would continue unless the diet w a- muddied, a 
move deemed undesirable by the experiment mve-ti 
gators. Therefore, it was agreed with him that he 
would continue unchanged until a ten-pound loss had 
been sustained, at which time the situation would lie 
evaluated. 

During the test, then* were no real medical 
problems. I'.sl abl ish mg a data I low with a reasonabh 
response* time was a problem and prevented timely 
presentation of data to the crew until near the end of 
l hr test. \ slight atmospheric irritant appeared 
inlemiiltrntlv and was never identified positively 
The SPT s weight loss continued until lie reached 
I % pounds at day 40. \t this time, contingency 
electrolytes were drawn. (Mood work was normally 
unavailable since the SI. simulation of storage was 
made.) This was normal and it was agreed with him to 
let him continue for another live pound loss at which 
time the diet would be changed or dropped com- 
pletely. All other in-cliamher medical events were 
incidents of no import. \ lull reporting o! these was 
made by the in-chamher physician and will not be 
reported. 

Postchamhcr there were no real changes and the 
period was routine. All crewmen were at their 
preehamher performance levels on the various experi- 
ments at lime ol ex it. 

At 190 pounds, a nineteen pound loss, the SIM 
was taken off th* 1 previously formulated diet and 
allowed to eat Skylah food ail libitum with a prompt 
weight gain . 

In summary, there were no significant changes in 
the crew\ other than SIM weight loss, which could be 
attributed to the chamber stay. This atmosphere and 
regimen produced no changes even where small ones 
might have been anticipated, in blood or microbiol- 
ogy for example. As a result ol this experience, it 
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would appear that the only ellects which must hr 
dealt with in Skylah will hr from weightlessness. 


Some IMedieal Aspects of SMEAT 
As Observed By The Crewmember Physician 

William E. Thornton, M.D. 

Lyndon B. Johnson Space Center 

Pretest 

in addition (<> I MSS training, tnrdirally rrlrvant 
activities during this period wrrr participation in 
design rrvirw.s and surv rillanrr ol test aspects which 
would ailed crew health. These included environ- 
mental eoiilrol .>>> 11111 , food and water, waste, safety , 
and medieal coverage. No involvement in clinical 
a>pecls ol crew health was attempted until a Mission 
Flight Surgeon wa> assigned approximated) one 
month prior to lest start. At tliul time, all health 
aspects external to the ehaniber were also primari!) 
relegated to him. Items in chamlM'r design pertinent 
to this surveillance included general physical layout, 
construction of items with injur\ potential such a> 
sharp corners and edges, obstructions, protruding 
elements, ami ECS system, espec ial!) regard i tig qual- 
ity control ol gases, hi Mime ease's, standards had to 
he modified lor nitrogen and carbon dioxide for 
human use*. An overall ipialit) assurance program lor 
which one man was responsible was instituted. Othe r 
rules established insured that all gases were connected 
during the da\ shift and were installed only under the 1 
supervision of that individual responsible lor quality 
assurance. This person reported directly to the 
Mission Surge on on ECS performance and safety. 

Haler System . Establishment of a ipialit) assur- 
ance* program with one man having responsibility 
which included his being present at ail filling and 
transfers. Again, this individual reported to the* 
Mission Surgeon. 

W iring, Fire Detection , and Suppression. Surveil- 
lance to insure* that insofar a> possible* standard 
chamber practice's we re* followed. 


\neitlary Medical Personnel and Facilities. There 
were* several periods of emergency training in which 
all e lements ol the rescue and tncelica! emergency 
facilities were exercised with resulting modifications 
and |RTsonne*l additions and changes. 

Coordination of many medical aspects of equip- 
ment and experimental procedures with the IMS and 
IMIS s was attempted!. After Dr. Koss s assignment as 
Mission Surgeoi: various aspects ol crew health were- 
coordinated auei mutually agre*ed upon, including: 
presence of SET at all remaining pretest physicals; a 
schedule ol regular telephonic communication sched- 
ules to discuss in chandler examinations and observa- 
tions which were held every three to four days for tin* 
lirsl week or >o and approximately every week alter 
that: coordination in event ol medical contingencies: 
establishment ol te>t data to be transmitted to the 
er»*w . 

Significant prechamher findings are included in 
the Mission Surgeon's report. The only clinical items 
worthy of comment at the lime of entrance were a 
resolving acne of the C II ) K and an established and 
continuing weight loss by ihe SI*T. 

In-Test 

Complete physicals were performed ondavs213, 
221, 226, 235, 250, and 263 by the SIT on the COR 
and PIT. In addition, several attenuated exams were 
performed as well a> examinations ol any reported 
complaint", or ol any observed signs. These eomplete 
physicals were made attempting to simulate Sky lab 
facilities ami using I MSS instruments and are further 
described in the crew report. All systems were 
covered except anal and genital areas which were 
omitted in tin* absence ol complaints. 

Physical Findings — (CDR) 

Oral temperature ranged from 90.2 to 90.4° F. 

Blood pressure seated, right arm 120/80 with no 
significant change. 

Heart rate (HR) mean 59 - there was a flight 
increase Irom approximately 55 to 60 HPM 
during the C*sl with a range of 50 to 65 HPM. 

r e 

Positive findings were limited to integument, 
lymph nodes, and throat and nasal areas. On entry. 
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then* was a clearing acne rosacea between tlx* 
eyebrows, a lew .''mall discrete pustules scattered over 
tlx* upper bark and shoulder areas, and injected nasal 
mucosa with moderately swollen turbinates. 

On day 2 Id, there had been clearing of both acne 
and pustules with decreased nasal congestion. Bilal- 
era! small, swollen posterior submandibular nodes 
were present. A beard was growing at this time. 

Day 221 saw further clearing except for the right 
submandibular nodes. There was an injected, eroded 
I cm diameter area around a lollicle on the left 
submandibular area. By day 22b the aene had cleared 
and only lour to live discrete pustules with red bases 
were present in the lei l scapular area. A "beard 
folliculitis was present on the right lateral maxillary 
area which had formed a confluent indurated base 
while the previously involved area bad enlarged 
slightly. Phisohex washes were starte d and the patient 
admonished to avoid "picking’' it There was remark* 
able clearing overnight and plans lor cultures were 
dropped. J he patient staled that this lolliculitis was 
an intermittent condition ol long standing with 
spontaneous resolution. On day 250 lips were chap* 
peel with both upper and lower lips showing areas of 
erosion of mucosa. 

Bv day 265, several infected follicles were resolv- 
ing on the right upper lip. A lew scattered pustules 
were* usually present over the* seapular and shoulder 
areas. 

It was noted that the CDR displayed periphe ral 
vascular hv pc r-rc activity including a Hushed mottling 
of the upper back during exercise, marked flushing of 
pressure areas alte r leaning against a chair back, and a 
rather striking dermatographia over the entire* back 
which would persist lor several minutes. I he*rr were 
no symptoms or signs associated with this and no 
vascular abnormalities could be* demonstrated. This 
was first noted one to two days after entry into the 
chamber. It persisted two to three weeks and cleare d 
slowly though not completely by chamber exit. There 
was no evidence of this at normal atmospheric 
pressure. 


Physical Findings — (PLT) 

Oral temperature ranged Irom 67.5 In 9K.2°K 
Heart rate (I IK) 72 HPM average sealed 
remained unchanged throughout test. 

Blood pressure 120/75 right arm. seated. 

Positive findings on physical wi n* limited to I.N I 
and integument. On entry, the PI T had a number of 
discrete two to three mm pustules scattered over tlx 
upper hack and shoulders which cleared almost 
completely over the next two physicals. I here was 
marked whitish gray 'furring ol tlx* tongue which 
slowly clean'd and by day 15 this had virtually 
disappeared. On enlrv, nasal mucosa and turbinates 
were moderately swollen and injected witli slight 
amounts of whitish discharge, especially on the lell. 
This congestion and discharge slowly cleared and hy 
day 250, only a slight clear discharge was present. 

Personal Observations of SPT 

Oral temperature ranged Irom 97.1 to 67.4° I*. 
Blood pressure seated, left arm I 10/75 to 105/ < 0. 
Heart rale (I IK) scaled - 55 ->6 average 

55. 

Oral. On day 10, symptoms of a pulpitis in the 
upper left anterior molar developed with slight to 
moderate pain not requiring analgesics hut with 
sensitivity to pressure and temperature changes. 
(Tiewing on the lell side* was avoided and tlx* 
symptoms largely cleared over the next lew days but 
would recur whenever that area was used. These 
symptoms cleared completely in approximately six 
weeks after leaving the chamber. A lull crown hat! 
been replaced on the tootli approximately one year 
prior to the lest. 

Integument. Six days prior to the end of test, a 
number of broad-based white pustules two to 
four mm in diameter developed over the left face and 
forehead. The distribution suggested infection from 
the pillow . Cultures were made of the infected area, 
pill ow , and nares. All copiously grew a pure culture 
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of a -lightly pleomorphic gram positive cocci. (ad- 
jures vo ir passed (roiii (hi* chamber v\ till requests lor 
more (li'lini t iv«* identification. The pillow n»\i r was 
< hanged am) IMiisohex was u.-ed in washing. There \vu> 
gradual disappearance ol 1 1 1 « |c-ion-ovrr the next ten 
dav - which an* assumed In have arisen Irom nasal 
cru>lings shed on the pillow which in turn were 
ruhhed into the lace. 

\l the end of |h«- elevated temperature period, 
there was a marked recurrence ol old athlete > tool 
ml* m - lion with lis-ure- and erosion nltln lateral ami 
anterior plantar area of tin* right loot. Thi> was 
probably exacerbated hv going han loot lor eomlort 
during the ele\aleil temperature pt-riod It was wash- 
ed more Ireipienllv ami lirunlm n-ed twice daily 
with u*r\ slow clearing h\ the lourtli week posttest. 

Medication and Drugs 

t )nl\ the following item- wen* lin'd. Na>al ernol 
lient wa> employed lor complaints ol nasal <fr\ in»jr 
and irritation in the I’l l with improvement. It was ol 
no use lor rebel ol the < l)|{ s chapped lip> nor was 
Vlph-keri. Tinaetiii was u-cd lor a longstanding 
Inngal injection with reasonably good result. The 
most lin'd item wa> Phisnhex whieli appeared to he 
undid m two skin mlectiou- a .- well a- a general 
disinfectant. \ii effective emollient for ehapped lips 
should In* included lor this eondition is likelv l** 
recur. Description ol tin* drug- in the elieck list was 
h it to he adequate. 

Laboratory and Tests 

Uesiills are reported under their respective experi- 
ini’iii sections. \ major prohlem w a- obtaining results 
of analyses performed outside the ehamher in spite ol 
a prev iouslv established Iran- mi .--ion protocol. 

Psychological 

No specific studies of this aspeet were performed. 
It is always risky lor the subject to attempt psycho- 
logical evaluation ol a -dilution in which he is 
subjectively involved. hut tile following observations 
are left to he valid. 

Th ere was no perceptible evidence ol serious 
stress at any point during the lot Interpersonal 


relationships remained excellent. There wen* differ- 
ence- ol opinion on a variety of subject.- hut some 
working eon -eh >u- w u> al vvav s obtained and followed . 
\t no time wa- an angry or irritable word exchanged 
between crew member". 

There wa- >ligltl eoiisternation after it seemed the 
lest would Im- terminated early and wa- then extend- 
ed. Tile mo-t oh\iou>*> stressful aspects ol tile test 
were those linn - when it appeared that data were 
being lost alter considerable ellort oil tile part ol tile 
crew to gather it, especially d it had involved 
difficulty on their part. Kxatnpfcs ol this were: 
eon t i ii ii* *1 run- with laultv gear w hieli w a> apparently 
md being repaired: ohviotislv erroneous lab data such 
as the polyethvlene glycol when many hours were 
ex pended counting pills to cheek that the material 
was correetlv * 'iii-unud at each meal (a nuisance in 
itsrli); or seeing incorrect data repeating that hail 
been previously eorrecteil by the subjects. \l so 
stressful was the impression that arose from -ome 
situation.- that the crew were bring Used as experi- 
mental animal.- rather than participating investigators 
in an experiment. Some investigators were never able 
to accept or tolerate any vi«*w ol the situation other 
than investigator subject. 

There was unquestionably some polarization ol 
"u e (th* cri-w ) against 'lln in (tile outside world) 
which probably served as a useful protective device 
against i-olution No feeling ol spatial isolation was 
fell at jm\ (inn by any crewmember. Then* ma\ have 
been -tune release mechanism invoked in the leg 
pulling ol exterior personnel by the crew. 

hi addition In the surprising absence ol -Ire.--, 
there wa- an umxpi* ted dedication to the SMI. \ I 
mission and not ju-t as a job to lie done. Ii was 
striking to observe the way two individuals who had 
been train'd primarily a- military pilots could 
conscientiously apply themselves not only to going 
through medical investigative routine but al-o to 
making every personal ellort to understand and gain 
the maximum from all aspects ol the test. Tins was 
deeper than military professionalism. Not one deliber- 
ate deviation Irom a diet, collection procedure or 
protocol, no matter how onerous, wa- observed. 
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I mice d , til*' ran* mistake or lapse alway s brought real 
consternation and renewed rllorls. 

Medical Incidents 

The KKli electrode adhesive* discs have* produced 
mori' or less severe sensitivity reactions in some* 
cre w rimntheTs since Project Mereury I his sensitivity 
continued on SMKAT. Differing hatches ol this tape 
have* \videl\ van in g irritant capacity, hut apparently 
it has not hern possible to discover or correct 
maimlacturing variations. for example, the initial 
hutches produced reactions only on the (J)R hut 
later the IMT developed reactions to different tape. 
In the chamber. tin* dis< s produced reactions on all 
three crewmen at first . Later. we were instructed to 
delete scrubbing the area with Zerplirurin 1 * wipe's. 
This produced an improvement and onh the SIM and 
NT were having moderate reaelioiis by l h<* end ot 
tin 1 tot. However, reaelioiis were still pre-mil and 1 1 ii - 
cannot Im* considered a **li\. especially in view ol 
the marked rc ae lions of some Skylab errwmemhers 
to this tape. 

The most marked reaetions typically occur at tlie 
axillary and sternal sites v\ ilh minimal reaction on tlic 
hac k and nec k. It is a typical contac t dermatitis and 
consists of an erythema, slight edema and, in marked 
ca-es, liny hlehs, limited to the immediate area ol 
contact beneath the discs, in severe cases, there will 
he denuding of the epidermis, marked injection, and 
some times secondary infections. Milder eases have 
only reddening of tin* area with increased pigmenta- 
tion. The se* reactions can occur in 10 niinnlcs time* 
and produce no symptoms otlic*r titan itching or, in 
cases with damaged skin. burning on application. 
Alter approximately two weeks in the ehamher, it 
was necessary to relocate* the* electrodes lor one or 
two runs on the PIT to allow healing. Reaelion to 
the* electrode paste was never se e n. 

Another sensitivity reaction occurred with the 
M | ;S3 electrode paste itself 1 he (,DR and SPI used 
this equipment, winch has paste impregnated sponge 
edcctrodes mounted in an e lastic cap. for three limes 
without difficulty. On the* fourth usage, the LDR, 
alter two to three* hours exposure, experienced an 
increasingly severe generalized headache* wlueh clerar- 
»*d in approximately one hour alter reunoval ol the* 


cap. The* following morning, the re* appeared to he 
senile* diffuse* induration around tin Ironlal electrode* 
site s. These* symptoms and signs recurred on repe aled 
attempts to Use* tin* equipment! m-e ham her anel loreed 
the* substitution eel the* PL I U> a subject. j)i*liriilc* 
diffuse* induration, several centimeters in diameter, 
wa^ pre sent around tin Ironlal and parie tal site s w ith 
an indentation under tin* electrode proper without 
reehleniug or other sign-. NJe> ilehiug *»r pam was 
re lated to the immediate site 

file* SIT hael similar symptoms, though mild 
e'llOllgll to continue tile e'\pe*rillie*n t. I he* 11.1 elevel- 
oped no sy uqilonis. Pale ll li*sls vvere* eonrlm ‘led by 
taping split eleetroelcs to 1 1 1 * * lorehead < > t all 1 ll r* *** 
crewmembers. t nlortunatedy , tin tape provided had 
a he*av\ elastic e*orn ponent whose* pressure* ellee*|s 
made* othe r results equivocal. 

Atmospheric Irritants 

Approximately twelve* days alter test start, the 
SIT noted a sense of vague irritation in tin poste rior 
nasopharynx which was some times accompanied hy 
an occasional cough. I his continued in an intermit- 
tent fashion with development ed nasal slullinos, a 
slight c lear discharge and conjunctival irritation and 
itching. Tile* U)R deve loped similar symptoms several 
day’s later. These* continued in an intermitte nt and 
variable fashion throughout the* te st anel could not he 
re lated to any othe r e ve nt, time . or location. I lie* PL I 
was ne*ver afle*ele*d. Although it w it*- assumed that 
LiOII dust was resporisihh* lor this and changes we*re* 
made in caniste r processing, tliere* was no real 
improyemenl. I lie* cause* was, in fact, never positively 
identified. 

Virtually no physical trauma occurred during the 
test in spite of freque nt m ar misse*sor glancing blows 
from impropcrlv lilted cabinet doors lulling open as 
one* passe d. One* finger was lightly scraped during a 
elimh to the second de ck anel nume rous small nic ks 
ahonl the thumb and index lingers accrued Irom 
opening the extremely lough outer cove ring ol the 
drink containers with a sharp knife . None* ol these* 
showed any indication ol inlection. I lie SIM also 
occasionally su!!e*red small nicks ill attempts to cle*aii 
the* urine* volume* measuring system and, in spite* ol 
the* filth of this machine, there was never any 
reaction . 
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\ number of changes in phoiiatiou. transmission, 
and reception related to atmospheric pressure occur- 
red. I II. iirst change to In* noted at .) psi is the 
quietness and consequent impn ‘sdmi ol distance I rum 
sound sourirs. \ slight hoarseness is noticeable by 
external as well a> internal chamber |MTsonne| and 
becomes more pronounced with prolonged or modcr- 
aleh loud speaking. In an ellort to quantitate these 
effects. records were made and will 1 m analyzed lor 
speelral eontent. No dil lieulty in eomnmniealion was 
encountered from either rediieed amplitude or chang- 
ed frequency e oin pone r» l > . \ n interesting 

ps\ eho-aeoiislie phenomenon oeenrred m that alter 
several weeks, the redueed souml level waspcrceiv- 
ed as normal. This wa> obviously a eentral phenome- 
non since no amliometric threshold shill occurred. 
i )n eliamher evil, sounds were not perceived as 
abnormally loud as might have been expected. An- 
other aspect of this is llial all crewmen wen* unahle 
to whistle. After several weeks, two ol the crewmen 
could make Ireltle whistling iioiss hut, even at the 
lest end, this did not approach normal ability . 

Medical examination was allccted in that auscul- 
tatory sounds were markedk reduced with possibly 
some reduction in low Iretpieneies. It was impossiltle 
to appreciate sounds trom mediate percussion at 
normal distances and required much closer approach 
of tin* examiner's ear to the struck linger. Kxeept the 
possihh ndim'd low frequency content and redueed 
amplitude, no changes in the qualitv ol normal breath 
and heart sounds could lie appreciated. Standard 
diagnostic maneuvers such as vocal Iremitus and T 
sounds remained normal. 

Changes Associated With The Diet 

On beginning the diet some TO day s prior to 
chamber entrv , two changes were noticed in all three 
subjects. Flatulence was markedly increased and the 
stools became soft and unformed hut not liquid. The 
loose* stools were simply a personal hygiene problem. 
Stool quantity, both tola! and individual defecation, 
was markedly reduced. Outside the chamber, this 
flatulence was simply a social hazard hut inside, as 
the day passed, it became an increasing nuisance until 
it reached a peak after the evening meal. Some idea of 
the magnitude of the normal problem may be judged 
from the PIT who used a band countc r to docume nt 


some 04 passage s during one typical twelve-hour 
period. Another time, the SIT recorded .48 such 
passage's ollensive both to tin* subject ami associates 
in one three-hour period. Occasionally, some lood 
item would produc e' gas and abdominal discomfort to 
a degree* that interfered with duties. Soups ami pea 
soup in partic ular seemed to he involved in this, 
though the ol lenders were never identified with 
certainty. Pea soup was associated with se-veral bouts 
of cramps, ga>, and slight ncusca in the SIT before it 
was dropped from his menu. Two such occasions 
proceeded to bouts ol rather violent diarrhea. J he 
particular cans ol food which caused this upset were 
not studied; however, duplicate items wen e xamined 
and proved to Im* well within the allowed microbiol- 
ogical limit. This did not allow for the normal beating 
time which would provide an incubation period lor 
any organisms present. I’ostchamhcr, there was mark 
c*d decrease in gas formation, but it still remained in 
an episodic form. One* had an impression that some 
adaptation to tin* food bad occurred but bad been a 
v ery slow process with a time constant ol months. 

Tin* most marked physiological change in SMI. A I 
was the* nineteen-pound weight loss incurred by the 
SIT during some 90 days of eating the recommended 
SMKAT diet. Table 1 9-1 presents a detailed descrip- 
tion of this proce ss. 


Tabic* 19 I 
Frew Weights 



Start 

Diet 

Enter 

Chamber 

Exit 

Chamber 

End 

Diet 

CDR 

159 

157 1/2 

15^ 3 A 

156 

sf: 

£ “’9 

? u 

193 1/A 

190 * 

FLT 


IC5 1/2 

165 1/2 

181 + 1/2 


*Diet was terminated one week prior to end of planned 
termination 

The SIT s normal weight was 207 pounds, un- 
changed from that at which he* bad play ed collegiate 
football, lie was in reasonably good condition at the 
time' of starting the* diet with maximum oxygen 
uptake's above* 50 ml/ kg/ min, capable of sustaining 
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4(K) watts/ min lor time minutes on a bicycle 
ergorneter. ami with joking mile linn s ol T : *i0 to 
7:40 min/milc to 7:10 to 8:00 min/milr lor lim e to 
four mile runs. This status required right to ten 
miles/wrek joking interspersed with two to three 
runs/ week on a bicycle ergorneter (or 4.1 minutes to 
more than an hour at 400 to 27.1 watts/ min loads, 
ami some weight lifting and handball. Mis diet was 
high in protein with relatively little carbohydrate. 

Ilis in-eharnher exereise plan was to maintain 
ergorneter performance and cardiovascular status with 
whatever loads and limes were required. This was 
discussed with pertinent investigators and no objrc- 
tions were raised. 

Pretest, repealed attempts were made at every 
level to point out the inadequacy ol the proposed 
diet especially alter marked losses and acute hunger 
during the two trial periods. At that time, no interest 
was evidenced t>v investigators in exercise, previous 
diets, or physical condition. Weight was 209 pounds 
when beginning the diet with the two pounds above 
normal accumulated by numerous dietary excesses 
during the last week before the diet began. Alter the 
first week on the diet, a more or less stable loss of 
approximately one and one-hall pounds/week was 
established. During this period, prior to chamber 
entry, time for normal amounts of exereise was 
simply nol available; otherwise, the pretest loss would 
have been much greater. 

Oody composition was determined by radio- 
isotope studies just prior to chamber entry' and is 
given in Table 19-2 of the M074 report. No other 
measurements I of body size, configuration, or com- 
position were made except some extremely crude 
trunk and extremity girth measurements by the SPI . 
During tins precharnber period, the basic die 1 1 was 
frequently augmented with up to lour cans per day of 
nonrestrictrd "sugar cookies. 1 Hunger was constant. 
No modifications were offered or introduced by the 
experiment investigators. 


h)ne valid girth measurement is that of the maximum 
calf diameter which was recorded for each M092 run. 


19-9 

ill the chamber, the SOI set the exercise at 
approximalclv |1 \ ItD walls/miti/da\ , a level esti- 
mated lo be roughly equivalent to the total work 
energy expenditure immediately pre-SMI'. \ I . not at 
the much higher level he lure the diet was begun. Kale 
of weight !(>», except lor a period ol one week when 
no ergoincter was available lor exercise, remained 
constant at the precharn her level. After two weeks in 
the chamber, original work level could only be 
sustained bv reducing work loads and increasing 
duration, i.e., perlormanee levels dropped. Shortly 
alter llii^ lime, there was cramping ol the lower legs 
associated with flexion ol the bet. Ibis was a 
phenomenon never previous!) experienced, even tran- 
siently, hut which persisted lor some three weeks 
alter ending the diet. There has been no recurrence. 
Klrclrolyle levels were unavailable since a protocol 
for determination procedures had not been agreed 
ii poti by the investigators. 

On day 21, the SPT was requested lor tin lirsl 

lime lo increase his caloric intake at least 
400 calories/day utilizing the "Irer lood items. At 
that Lime, the only such high carbohydrate items 
which could be tolerated were sugar rookies and 
mints but the diet was augmented approximately 
471 calories/day witli these items (see Table 19-2), 
except for one week when llicy became intolerable. 
In spite of acute hunger, it became a problem ol lorn: 
feeding to ingest and retain this material as well as a 
diet formed in large part by vanilla wafers, puddings, 
crackers, jams, lemon drops, and imitation fruit 
beverages. This relatively small calorie increment did 
little to arrest the weight loss. At approximately 
196 pounds, all factors were considered with the 
Mission Surgeon and a contingency electrolyte sample 
run. The Mission Surgeon agreed to allow continua- 
tion of the diet until reaching 192 to 194 pounds. 

Immediately postchamber, large quantities of 
butter were added in every conceivable (and some 
inconceivable to the SPT) food item. If the item were 
rendered inedible, (or example, rehydrated barbecue 
floating in butter, then it became a matter ol eat it or 
else do without the food and take mineral capsules. 
Some items were impossible to consume. At this 
time, maximum oxygen uptakes were down to 
4 7ml/ kg. Maximum ergorneter workloads were six 
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‘Acer. 

Average Daily Intake 
Above Base* Lille* by S\ v 

Tot til Total 

; * Cookies Mints 

Cans Cans 

of ( Calorie s 
I in < diamher 

Tota i 
Calories 

Daily 
Average 
Ca lories 




: 900 

214 

;*- - i u 

Q 


: 35 

192 

V - " 1 i 

> 


u 0 

64 



IP 

prir 

292 

_ ■; 

i 1 

9 

1919 

419 

36 - -Ur’ - 

9 

l? 

2529 

361 

4 } " H ’ 

1 

10 

lvt.0 

0P3 

-V 


il 


35.6 



64 




Subject was instructed to increase intake to 300 calories above base line at 
that time 


In M'vni percent down. \t e handier exit, repeat 
radioisotope studies of both composition revealed an 
in-chamber loss of 2. f kg lean body mass and 4.8 kg 
loss of I at with a body fat percentage of about ten 
percent or reduction of about lour percent. \n 
independent specific gravity loan bod\ mass deter- 
mination I in the (looper t llinit confirmed tin' ten 
percent boelx (at ligure to a >mall fraction of a 
percent, ft should he noted that these’ were end of 
chamber and not end of diet determinations which 
would have shown even greater losses. Weight loss 
continued and tin 1 Sl r l consented to the’ Mission 
Surgeon s termination ol the ehet at MM) pounds, 
Additional food was found and the die l became ad 
libitum Sky lah food. Although large- quantities ol 
lobster, heel, fruit, and vegetable* produced a weight 
gain of two pounds m seven da\ s and the' first 
hungerdree dax in three months, there* was no 
improvement in physical performance for approxi- 
mately two weeks alte r beginning normal loods. Leg 
cramps took even longer to clear. 

Alter final Skvlab diet te rmination, weight gain 
was one to two pounds/week on a meat, fresh fruit, 
and vegetable diet (even with running five to eight 
iniles/dav). The diet was deliberate!) restricted in 
quantity to avoid replacement ‘>1 lost lean body mass 
with lal. Carbohydrates were- initially intolerable to 
taste. After approximated six weeks, pre-Sky lab diet 
performance indices were exceeded. 


Comments 

It was obvious that tin* diet was inadequate to 
maintain weight and avoid severe hunger from tin* 
two trial diet period*. The nineteen-pound weight loss 
on In further confirmed this. 

The loss has been interpreted as simply execs* fat. 
Th<* first six to seven pounds may well have been in 
this eategorx : however, such an interpretation hexond 
this amount is contradicted h\ the 1 radioisotope* and 
specific gravitx studio. A simple iat loss should have 
resulted in at bast a ten pe*re*enl nnpren e*men t in 
maximum oxygen uptake when, in fact, there was an 
approximated five- percent dccre'incnt. I In* creatinine 
elata did not support a negative nitrogen balance* hut. 
unfortunately . there are aspe c ts of this data which 
make tin- values quotionabh*. The* loss ol 2.4 kg le*an 
body mass .is 4iown h\ the radioisotope 1 studies was 
completed consistent with tin* entire picture*. 

The re al significance* of tins is ils relation to 
Skvlab. I'h ere* are* prime crewmembers as large, who 
reejuire quantities of food as great and maintain 
physical eondition as well or better than the* Sl r ! . An 
operational mission is not tin* place te> perform a 
weight reduction program nor especially e an any 
iiulue ed reduction in condition lie tolerated. The* diet 
as e oiistitute il for SMKAT with fixed anel inviolable* 
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mineral ami protein levels is probably ad.ipialc ,or 
individuals requiring no more tlian -,WMI In 
ll/MM) ealories/.lay . IVvuml ll.al. increasing .jiianliti. s 
,,| "free” 1 carbohydrates an- required. There are 
|i,nil> to whirl) miiIi ili-m> t un Im- tolerated, even with 
lorn- feeding. It is understood that rectification ol 
these problems is in progress lor Sky lab. 

Impressions 

The n- were no medical problems ot consequence 
induced by tin- atmosphere. confinement, or other 
lest ronditioiis. Til. total absence of physical as w.-ll 
as psychological prohl.-ms was unexpected and -Ink 

ing. 

C.DR 

I'hi-r.- was a recurrent beard folliculitis which 
responded to simple external measures. One hail the 
I'erlinj. that a slight cardiovascular ill-conditioning 
trend may have lie. n present hut lhi> is speculative. 
This siihjeet was in excellent condition at the 
Ix-ginnim' ol tin- test and large amounts ol work arc 
n-,,„in ■d n t.» maintain such a state The Cl) K limited 
hinis. ll to the e\ereise time available itt .''kvlah. A 
slight weight loss oeeurred. 

SPT 

There was a superficial fungal and bacterial 
infection, both respondin'' to simple treatment. A 
pulpitis resolved spontaneous!) I here was a major 
wrielit loss and some dccoiulitionillg. primarily soma- 
lii-, apparrnlk from lh<* 

PLT 

Tlirrt* wt-ro no rlianors ol >i<inili<*an<:»*. 


Ij r jrtr 0 f a [[ food vahtr except calories. 


Changes in Vision Parameters During SMI . A l 


Roger C. Fitch, D O. 
Lyndon B. Johnson Space Center 


No -ilalistiralK >ii»nit'iranl \arialiun wa> loiim! in 
comparisons of pretest to posltest data on the vision 
parameters listed in Table 10-t. w till the exception of 
far visual acuity, refractive error, visual h'-lds. and 
retinal vessel sizes. Tli.-s.- four functions are more 
folk ilisrilMsnl lirlou . 

Far Visual Acuity 

A statistically valid decrease in visual acuity was 
noted during this test which is consistent with 
available data for the Ccmini ami Apollo missions 
This decrease in aeuitv is the result of the limited 
eon lines of the SMI'. AT ehaml.er. The Cemii.i and 
\pollo Diehl . rewin. n.hers returned to prd light 
levels as rapidly as did the SMK AT er.-w 

Refractive Error 

\ statisticalK valid rlian«r in the relrai-tive >h'h- 
ol tin ryes Has noted durinj: this test 'vliidi i- in the 
opposite direction of that noted in the cy e- of the 
two Apollo i-rnvs that were examined The \ polio 
crews showed a slight decrease in by peropia (transient 
"space myopia”) at a nonsignificant level and the. 
SMK AT crew showed an increase in hyperopia. It i> 
unknown why the SMK A I er.-w showed an increase 
lice alls. 1 it would he expected that tile limited 
confines should have resulted in a decrease it a change 
w as presell l at all . 

Visual Fields 

A statistically valid decrease in visual fields was 
noted during this test, even though only two crew 
members manifested marked constrictions. I hi- de- 
crease was anticipated due to the high trend that is 
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Table O .j 


CoinpariM.ii of Preflight to I’ostilighl Vision I’araiml.rs 


Parameter 

CDR 

Oistance 


Visual acuity 

Decrease 

Refractive error 

More hyperopic 

Amplitude of 


accommodat ion 

No change 

Introcular tension 

No change 

Depth perception 


al Error 

Increase 

b) Standard 


deviation 

Increase 

Horizontal phona 


a) Far 

Decrease Exo 

b) Near 

Decrease Exo 

Near point of 


convergence 

Further 

Daction 


a) Base in 

Decrease 

b) Base out 

No change 

Color perception 

T owards dautor- 


anomolous 

Peripheral fields 

Increase 

Retinal vessels 


a) Arteries 

Increase 

b) Veins 

Decrease 

noted in the Apollo data. I hc trend 

noted in Apollo, 

however, was mil at a significant 

level. Although 

there is no known reason why these extreme fields 

constrict during missions, two theories might be 

proposed: (1) f ields constrict when there is a de- 

creasr in blood oxygen, and (2) INionuse of the cues 

received from the extreme fields d 

luring the flight 

«»ijl*»t t' Hifiorarily (lull " the r<-s|»ons<-> from these 


arra.s. 


SPT 

PLT 

Decrease 

Decrease 

More hyperopic 

More hyperopic 

No change 

Increase 

No change 

No change 

Decrease 

Decrease 

Decrease 

No change 

Increase E xo 
Increase Exo 

No change 
Increase Exo 

Further 

Neared 

Increase 

Increase 

Decrease 

No change 

No change 

Decrease 

Decrease 

Decrease 

Decrease 

Increase 

Increase 


< alrtj on Apollo Hi, Hut kodcirhrome 35 inm film 
uaji iN'd. I ho I All* sliowrd no statistical change in 
tin* size of either tlio veins or arteries at approx i- 
mat^l> three hours post flight. The CMP showed a 
statistical decrease in the size of both the veins and 
arteries at approximately three and onr-halJ hours 
alter splashdown, and tin* CDR showed a statistical 
decrease in tin- size of just the veins alter approx i- 
malelv four hour-. 


Retinal Vessel Size 

On Apollo If), retinal photography was used to 
determine whether the high energy particles noted 
during previous llighls might cause retinal damage. 
These photographs were taken oil low eontrast 
I olaroid film, and although no damage was indicated, 
it appeared that the post flight photographs revealed a 
decrease in vessel size. Phis experiment was dupli- 


A subseipjent in-house experiment showed that 
high oxygen intake alone causes a very marked 
decrease in retinal vein and artery sizes, but the 
arteries returned to normal in five minutes at ambient 
oxygen and the veins were back to normal in less than 
TO minutes. It wa> the belief that some other factor 
caused the decrease m vessel size because of the time 
that the vessels remained constricted. It was not 
proposed what this fac tor might be. 



MKDICAI, orKKATIONS 


HMd 


'I'll,. SMI . A I tes l showed statistical si/** t hank's, 
(nit not those that would have been anticipated from 
past experimentation. Because lime was one ol the 
la* tors noted in previous experimentation, it was 
decided to conduct poslllight photographs at lime 
different times alter tin- ro w’s removal Irom the 
chamber. The pilot was examined three and one halt 
hours post I light and it was found that both his veins 
and arteries were statistical!) increased: the 

eoniinaiuler was examined at live and one-hall hours 
postflighl and although his arteries showed a statis- 
tical increase in size, Ids veins showed no statists al 
variation; the scientist pilot was examined at eight 
and one-half hours post High l and no statistical 
changes were noted in the size ot either his veins or 
arteries. 

A time factor seems to be present in both the 
Apollo and SMKAT studies, hut the alteration in 
vessel size is in the opposite direction during these 
two studies, i.e., a decrease in Apollo and an increase 
in SMKAT. It is unknown what has caused these 
differences, hut the differences in confinement and 
the variation in oxygen levels during the Apollo 
mission might he predisposing factors. 

SMEAT Medical Safety Plan 

To assure the safety and well-being of the SMEAT 
crewmembers il was necessary to develop a Medical 
Safety Plan with emergency procedures. All medical 
and nonmedical lest and operations personnel, except 
those specifically exempted, were required to meet 
the MSC Medical Standards and proficiency levels as 
established by the Health Services Division. 

Health Services Division 

The function of the Health Services Division in 
support of SMKAT was to provide medical surveil- 
lance and emergency support to the manned testing 
including health care of test subjects and their 
families, provision of hypobaric chamber support, 
and occupational clinical medical services for test 
personnel engaged in the test operation of the 
chamber. In addition, clinical laboratory capability to 
support all biochemical, microbiological and patho- 
logical analyses was provided. 


To implement tin* above requirements tin- Health 
Services Division appointed a two-man team consist 
ing of (he C.revv Surgeon and a >alH\ (Miner 
(medical). The Crew Surgeon was team chief and wa> 
responsible for all medical aspects ol the Program, the 
Safely Officer was responsible lor physiological train 
ing. implementation of tin safety program and 
scheduling participation ol al! Health >ervicrs Divi- 
sion personnel. 

After assignment, the two-man team had responsi- 
bility for all prccliainber operations including medical 
surveillance, physical exams, accomplishment of pr»* 
,,-sl checklist. ami participation in drv run* and 
.4, ak i— down let. In addition, tiny were responsible 
for interfacing with tin- I if'- Sri.-nr.-s Directorate 
test projrrt inanagrr and the SMI'.AI Stirring 
Committee and for roordination ol inlradivision 
artivilirs assorialrd with SMK.A I . 

Medical Manning Plan 

The manning levels for tl.r SMKAT Program 
varied with tin- trsl timrlim- based upon the proli 
ahilitv of occurrence of a in.-diral anomaly , lh. 
crewmembers health status, and tin nn ill. al 

data-gathrring activity. Tin- maximum manning level 
was expec ted to oc c ur during the initial Ml hours ol 
testing, during a medical anomaly, a possible emer- 
gency, and when experiments wen- c-onchic tied on lin- 
en- wmembers. During other periods of ibis test 
program, the manning recpiireinent level would he 
less. The medic al maiming plan was as Inflows. 

Mission Crew Surgeon. Dr. Charles E. Ross was 
appointed to ibis position and his assistant was 
D r . Charles K . La I’inta. I)r. Ross scheduled the 
Health Safety Officers who provided medical 
surveillance. 

During the initial MS hours, the test w as monitor- 
ed by the Mission Crew Surgeon and two other 
physicians. They worked eight-hour shifts on a 
rotational basis. They we re at the t. st chamber for 
medical surveillance and had a dedicated line of 
communication with the Huilding 3f> Medical Experi- 
ments Data Center where the biomedical data was 
received. 
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Following the initial Mt hours of Idling am] lor 
llit- remainder ol (hr lrs( program, medical coverage 
was jirovidcd by (hr Health Safely (MTiri r. Physicians 
w« rr scheduled oil a rotational basis lor litis tour ol 
duty: During (hr performance of l.xprriinrnts M(WJ, 
anil MI7I; lor daily crew status reports and 
SMI', \ | Irani meetings; in (hr r\rti( ol a mrdiral 
anomaly ; and in llir rvrnl of an emergency . 

Health Safety Officer . Three physicians were 
assent'd to serve in ihi^ capacity . Thr lour of duly 
was lor a daily period ol Irorn (wo to live hours, 
except lor thr lirst Ml hours, and scheduling was on a 
rotational basis. For thr rniiaitidrr ol tin 2 1- hours, 
thr Mrdiral Duty Officer performed thr function ol 
I Kraltli Salrty IMlin roitan "on-eall" basis. 

'Medical Technicians. This position was tnannrd 
lull timr to assist thr llralth Salrty Officer and to 
I urn ish relief from mrdiral surveillance whrn thr 
(diy >irian was not [irrsut Should a mrdiral conliii- 
r r,,r y rondition develop whrn (hr llralth Safety 
(Mlirrr vvasahsrnt, thr lr('hnirian was to iininrdiatrlv 
notily thr Medical Duty Oil jeer by (r|r|diour. Kacli 
mrdiral Irrhniriati worhrd an eight-hour shift. Thrrr 
wrrr two trams of si\ mrn rarh tliat rotated on a 
wrrkly basis. 

Hyperbaric (.ham her Technicians. During (hr 
initial Mi hours (.it thr lest, tin 1 Hiiildiug -i2 hyper- 
bam i lumber was mannrd bv two chamber techm- 
iians. II a requirement existed lor Kiy perbarie 
rhambrr therapy , they wrrr to notify two othrr 
rrrwnirmlMTS who wrrr ‘ on-call rithrr at their 
oil in* or residence. l*or thr remainder of tin* SMI! AT 
operation, a roster was rnainlainrd lor an “on-rall 
rhambrr tram, wlio eould respond within twenty 
miimles altrr notification. 

Operational (consultants. \ group of sprriaiists 
(toxicology , microbiology, rliuiral laboratory ) were 
on rail to evaluate thr aspects ot (hr operation as 
they relate to test subjec t health. In thr experiments 
area, the consultants wrrr thr PCS/PI train. The 
latter were available during conduct of their respec- 
tive experiments and on rail to lend expertise whrn 
required in matters affecting operational health. 


In dir event of an off-nominal health situation, 
such as the oc c urrence ol an illness or an accident 
among thr test subjects or a physiological deteriora- 
tion causing a te mporary suspension of expe rimenta- 
tion, a lull time mode ol medical operation manning 
was planned. Ibis mode was to exist until a derision 
was reac hed to resume normal operation or a le st 
abort was declared. I lie medical manning require- 
ment lor such a contingency wa^ identical to the* 
initial Ml Hour l est Phase*. 

Prechamber Health Protection Guides 

During the prec hanther phase there was a health 
protection plan that w as implemented, The follow ing 
guidelines were given to the* crewmen to minimize the 
probability ol exposure to infectious disease during 
the last three weeks prior to test initiation. 

1. Verity that immunizations lor family mem- 
bers arc 1 current. 

2. He alert for signs of potential illness in se lf 
and lamih . 

•X Report to Might Crew Health Section if any 
change in health status of self or family is 
noted. 

C I imil personal contac t to household mem 
hers and normal work-related individuals. 

\void contact by all lamilv members with 
known ill individuals. 

h. \\oid meetings, training sessions, etc. [fiat 
include individuals other than normal 
work -related population. 

'• live apart Irom family in the event of 
family illness. 

H. \\ oid activities producing excessive fatigue 
or stress. 

Medical Surveillance 

in order to assess in real time medical data 
which imparted crew performance and lumtion 
and provided lor postflight interpretation of imdi 
cal findings, medical observations on the crew 
health status were solicited from the in-chamber 
physician via the private communication line. In 
the event ol medical problems or illness, (he 
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crewmembers had the option to communicate <1 i- 
rectly and privately with the lire w Surgeon or 
Health Safely Officer. 

Medical surveillance via television was maintain 
<><| !>v the Health Safety Officer ami medical 

technicians located in Building 7. In order to assess 
the crewmen physiological status in real lime, 
medical surveillance monitoring ol all M0 , J2/M(H)d 
and M002/MI7I experiment runs was accom- 
plished via television. In addition, eon tael was 
maintained with the PI/PES team in Building .16 
by means of dedicated communications line. Addi- 
tional TV surveillance was maintained during three 
daily scans of .40 minutes duration with all 

cameras including the portable one. I he latter 
camera was used to view inaccessible areas. One 
run was sliortlv alter breakfast, one in midafter- 
noon, and tin* other shortly Indore the crew 
retired lor the evening. Contingency TV monitor- 
ing was to be accomplished any time there was a 
threat to the crew or test. A record ol the event 
was to be kept in this case by the Health Safety 
Officer. 

A number ol SMI VI functional objectives 
were of purtirular interest to the medical otlieers. 
Therefore, particularly close surveillance was main- 
tained over tiie following: 

1. Inflight medical support system (IMSS) 

2. (K >2 monitor 

4. CO monitor 

4. Oral hygiene 

f>. Microbiology 

h. Cham her environmental Microbial 
Monitoring 

7. Operational Bioinstrumcntation Sy stem 

8. Body weight 


{ ). SMKAT shower 
Mb Aerosol analyses 

In reference to tin’ (linieul Laboratory, certain 
data relative to the cellular elements ol the blood, 
chemical constituents ol tin 1 2 * 4 * * 7 8 blood and urine, the 
hemerul and cellular factors involved with immon 
itv , and inlcrcom|Uirtmcntal lluid volumes were 
monitored to evaluate crew physical status lie- 
porting was accomplished on a daily basis and 
pertinent information was summarized either at 

the daily SMK AT Team meeting or the I e >t 
<>l x rations Management Committee* ( I OMC). 

Emergency Procedures 

In the event of an emergency, the* Health 
Safety Officer or his medical assistant were to 
enter the anteroom to render medical assistance 
and supervise the 1 removal ol tin 1 crewmember (or 
members) to a treatment facility . Two ambulances 
each capable 1 of carrying two patients in SMI* A 1 
Cumeys, were on standby at the Lire Department 
24 hours each day throughout tin* entire test 
period. In the event ol illness experienced by a 
crewmember (or members), the* Health Safety Offi- 
cer was to determine what medical treatment or 
procedure was required During his absence, the* 
Medical Technician on duty would, ii necessary, 
consult by telephone with the physician "on-call. 
The severity or nature ol the illness will dictate* 
whether the* "on-call physician was to report 
immediately to tin* lest site 1 area to administer 
assistance or if it was feasible to give* appropriate 
treatment instructions to the Medical Technician 
on duty . 

To assist the* attending physician with his diag 
nosis of anv crcwmcmlnT illness that might occur, 
pertinent biomedical data was to be made available 1 
to him by the Principal Investigators and Medical 
Experiments Data Manager. 




CHAPTER 20 

CREW BACKGROUND, TRAINING, AND ACTIVITIES 


Crew Selection 

During tin- early stages of planning for the 
SMKAT mission, it was decided that crewmembers 
would be selected from astronauts in training at the 
Johnson Space (-.enter, liso of astronauts was con- 
sidered desirable since this would insure a general 
comparability of background, skills, and motivation 
between the SMKAT crew and subsequent Sky lab 
crews. Within the SMKAT crew, of course, there was 
individual variation in terms of aspects such as 
physical characteristics, educational and military 
service backgrounds, personal tastes in off-duty 
activities, and emotional and personality charac- 
teristics. Following is a brief resume for each of tin 
SMKAT crewmembers. 

Lieutenant Commander Robert L.Crippen, DSN, 
was selected as Commander. LCDR Crippen received 
a Bachelor of Science degree in Aerospace Engineer- 
ing from the University of Texas in 1960. He was 
subsequently commissioned as a Naval Aviator and 
served as an attack pilot aboard the aircraft carrier 
USS Independence , He then attended the USAF 
Aerospace Research Pilot School at Edwards Air 
Force Base, remaining there as an instructor until his 
selection in October, 1966, to the USAF Manned 
Orbiting Laboratory Program. LCDR Crippen became 
a NASA astronaut in September, 1969. 

William E. Thornton, M.D., was selected as 
Scientist Pilot. Dr. Thornton received his Bachelor of 
Science degree in Physics from the University of 
North Carolina in 1952. He then served as Officer- 
in-Charge of the Instrumentation Laboratory at the 
Flight Test Air Proving Ground. He later worked as 


Chief Engineer of the Electronics Division of the Del 
Mar Engineering Labs at Los Angeles. He returned to 
the University of North Carolina Medical School in 
1959, graduated in I96d, and completed internship 
training at the Willord Hal! USAF" Hospital in 1964. 
Following this, he returned to active fluty and was 
assigned to the USAF Aerospace Medical Division at 
Brooks Air Force Base, where he ttecame involved in 
space medicine research. The principal interest of Dr. 
Thornton is in biomedical engineering. Dr. Ihornton 
was selected as a scientist-astronaut by NASA in 
August, 1967. 

Lieutenant Colonel Karol J. Bobko, USAF, was 
selected as Pilot. Lt Col Bobko received a Bachelor 
of Science degree from the Air Force Academy in 
1959 and a Master of Science degree in Aerospace 
Engineering from the University' of Southern 
California in 1970. He completed flight training with 
the Air Force and received his wings in 1960, 
following which he served with Tactical Fighter 
Squadrons. He attended the Aerospace Research Pilot 
School at Edwards Air Force Base and subsequently 
was assigned to the USAF Manned Orbiting Labora- 
tory Program. I A Col Bobko became* a NASA 
astronaut in September, 1969. 

Crew Training 

Astronauts scheduled to participate as SMEAT 
crewmembers underwent an extensive period of 
scheduled training, similar in many respects to that 
required for Skylab missions. Training began in 
November, 1971, with initial briefings on several of 
the medical experiments. The training became more 
intensive in March, 1972, when training exercises 
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began lor operational SMEAT procedures, and con- formally scheduled training, the hours planned lor 

linucd until the aetnal start of the mission. each topie, and the actual lime devoted lay each ol 

tin three astronauts to that topic. In initial planning. 
SMEAT training included medical experiments 412 hours were alloted to all topics. In practice, each 

briefings and hardware operation practice, chamber crewmember exceeded .100 hours ol training lime, 

briefings and systems operations, storage bench However, as noted below, much ol this lime was not 

checks, crew compartment fit and functional checks, devoted to training in its usual sense, 
maintenance briefings, test procedure and Might data 

file briefings, diagnostic and therapeutic briefings, 'Hie training schedule called lor initial classroom 

microbiological training, and emergency procedures training, followed by lienrhlop hricling* and c<juip* 
training. Table 20-1 shows the organization of the mcnl demonstrations, l inally, the crew were to 


Table 20 I 

Planned and Actual Training Times 
lor (Tew Activities in SMEAT 


Item 

Planned 

Hours 

CDR 

SPT 


PLT 


EXPERIMENTS 

M09?/M093 /M171 

62 

88 

4 

30 

100 

4 

30 

c/ 

4 

15 

mo?l 

2 

1 

+ 

00 

1 

+ 

CO 

1 

* 

00 

Mlll-115 

3 

U 

+ 

30 

6 

+ 

CC 

6 

4 

00 

Ml 3 3 

30 

33 

* 

00 

31 

- 

00 

31 

4 

00 

MC7£a 

? 

1 

4 

00 

1 

4 

00 

1 

+ 

00 

MC71/M073 

Diet Management 

2 

15 

4 

00 

3 

15 

4 

4 

30 

00 

3 

19 

4 

4 

30 

oc 

Waste Mamnr.t 

7 

11 

- 

00 

11 

* 

nn 

1 1 

4 

00 

M*S7 

3 

3 

4 

30 

2 

4 

J ' 

3 

4 

3C 

TOC- 3 

3 

U 

4 

00 

3 

4 

CO 

o 

4 

00 

Envi rcan^ntal Ncis* 

e, 

6 

4 

oc 

6 

4 

00 


00 

CHAMBER 

ecs/eps, comm 

6 

10 

+ 

00 

10 

* 

CO 

10 

* 

00 

Crew Systems 

6 

12 

4 

30 

11 

♦ 

00 

11 

4 

00 

Emergency 

12 

2U 

4 

00 


♦ 

05 

2L 

4 

00 

CCFr / r'.ncn Creek 

P 

2l* 

4 

CO 

? u 

- 

r C 

2h 

4 

00 

Mission Rules 

6 

3 

4 

cc 

"3 


00 

3 

4 

00 

OR I /TRRB 

10 

uk 

4 

CO 

u 

♦ 

cc 

li 

4 

00 

Dry Run Test 

U0 

u 3 

4 

00 

u 3 

4 

00 

**3 

4 

CO 

Alt. Shakedown Test 

72 

6U 

4 

00 

56 

4 

CO 

56 

4 

00 

{MEDICAL 

Phys ioi/ Psychol 

U 

3 

4 

00 

3 

4 

00 

3 

4 

00 

Medical Data System 

2 

1 

4 

^5 

1 

* 

1-5 

1 

4 

ii5 

Physical Exam. 

10 

12 

4 

00 

12 

♦ 

00 

12 

4 

00 

Micrct I elegy 

l 

27 

4 

30 

21 

4 

30 

27 

♦ 

30 

Inf It Med Spt Sys 

7h 

77 

4 

00 

77 

4 

00 

77 

* 

00 

Oral Hygiene 

3 

k 

4 

00 

U 

4 

cc 

U 

4 

00 

Personal Hygiene 

1 

1 

4 

00 

1 

4 

cc 

1 

4 

00 

MISCELLANEOUS 

Data Acquisition Cam 

2 

4 

00 

2 

4 

00 

2 

4 

00 

Timeline 

U 

10 

4 

30 

15 

4 

00 

18 

4 

30 

Flight Data File 

ii 

2 

4 

30 

2 

+ 

30 

L 

4 

00 

Paper Simulation 

8 

8 

4 

00 

s 


00 

6 

♦ 

00 


509 ^ 


TOTAL H2 


15 


51 1 * * 00 
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perform the ac tual tasks in accordance vs ith ap- 
propriate checklist procedures in the 1 g trainer or tin* 
SMKAT chamber. In (ac t, the exigencies ol preparing 
lor the overall SMI- AT program caused any number 
of alterations in the training schedule and procedures. 
Since much ol tin* SMKA I equipment remained in a 
development stage even as training was scheduled, no 
firm checklists lor the operation ol these equipment 
items were available. In some instances, procedures 
to. equipment operation still were being revised even 
toward the end ol the fib-day mission. For this 
reason, what normally would have been routine 
training sessions instead became periods devoted to 
trouble-shooting the equipment and to the develop- 
ment ol checklist procedures. This not old) imposed 
a heavv workload on SMKAT crewmembers but 
obviouslv prevented training in its conventional sense. 
As a result ol these additional requirements, tin 
training schedule, particularly during the lour-vveeh 
period prior to start ol the mission, was heavy w ith 
twelve-hour days and six and seven-day weeks. At its 
conclusion, however, erew members considered the 
training program to have be e n adequate even though 
frequently eornproitiised by procedural and equip- 
ment difficulties. 

The SMKAT crew, following tin same program 
planne d for Sky lab astronauts, received supple- 
mental medical training off the* Johnson Space* 
Outer base. They participated m a three day c ourse 
at the ISAK Regional Hospital, Sheppard APR, 
Texas. The course included limited observation ol 
symptoms and a discussion ol dise ases ol the* rye*, 
head, cardiovascular, pultnoiiary . abdominal and 
musculoskeletal systems, and dermatology. The 
SMKAT crew also participated in a 10-hour course 
conducted at the Air Force School ol Health ( are 
Sciences, W ichita Falls, I'exas. Medical subjects and 
emergency care were treated in this course also. The 
purpose of these courses was to prepare crew- 
members, under dire emergencies, to attempt such 
treatment* as catheterization of the urinary bladder, 
nasal gastric intubation, tracheotomy (with a 
tracheotome), bandaging, splinting, and administra- 
tion ot medication. 

Apart from the training in conduct of medical 
experiments and in emergency medical procedures, a 


comprehensive course of training, consisting ol briel- 
ings and operational walk-throughs, was provided to 
acclimate the crew to living in the test chamber. 
These study periods covered topics such as communi- 
cations, housekeeping practices, sanitation manage- 
ment, use of hvgiene equipment, diet management, 
and safety measures and emergency procedures. 

Final training for SMKAT crewmen was given 
during a sixteen-hour wet run and a three-da) 
shakedown altitude run prior to initiation ol the 
06 - mission. The sixteen hour wet run was performed 
to operate equipment that could not he operated at 
site pressure or without a crewman in the chamiter. 
During this run. noi>e measurements were made with 
various equipment components running to verify that 
the background noise level was within the Skylab 
specifications. In the three-day shakedown run. the 
SMKAT crew used the same operational protocol as 
used for the 5(>-dav lest. This run enabled a pre- 
liminary evaluation ol procedures, medical experi- 
ments, and off -nominal modes of operation. 


Crew Activities 

Flight Data File 

Crew activities in the SMKAT chamber were 
conducted according to a flight data lilt- located in 
the chamber. The flight data file included a timeline 
book, medical experiments checklists, malfunction 
procedures, systems data book, stowage hook, crew 
supplementary activities, experiment emergency pro- 
cedures, and chamber test procedure extractions for 
crew activity . The Right data file served not only to 
provide the erew with information hut was used by 
the crew to record information in the form of various 
records and logs. Physically, the flight data file was in 
book form. The ring bindings permitted change or 
removal of the contents. The crew contributed to the 
preparation of the flight data life. 

During the test, the flight data file was updated 
both verbally and by simulated teleprinter message, 
e.g., typewritten and passed through the lock. Of 
these two methods, the simulated teleprinter message 
was most effective in that it assured accuracy , saved 
copying time, and did not require the crew to 
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inta-rrupt an a-xpiTiina-nl during tin- availalalr station 

passages. 

Prior to the SMFAT lest, the in -chain Im- r physi- 
cian (SPT) and tin* Crew Surgeon had mutually 
agreed on a list and format lor medical information 
obtained Irorn outside-chamber analyst's of medical 
experiments to be passed in on a regular basis. I here 
were frequent delays and difficulties in obtaining 
these data until near the end of the lest when a good 
deal of additional data, plus data collected in the 
chamber, were combined into a second record booh. 
The crew felt that this record could have been even 
more valuable had it been begun before the lest so 
that it could include baseline medical information. 

The most frequently used item in the (light data 
file was the chamber log. It included sections for 
logging chamber parameters and other items recorded 
on a daily basis and was used as the basis lor daily 
and weekly reports. 

A variety of clipboards and holders was provided 
to hold books and logs during expe riments. The crew 
felt these* holding devices served their intended 
functions well. 

A bulletin board in the center of the chamber for 
posting of constantly needed items was found con- 
venient. The daily flight plan, communications plan, 
transfer lock schedule, and similar items were posted 
then*. 


Schedules (Timelines) 

The crew day was conducted according to 
mission timelines shown in Figure 20-1, which 
approximated those planned lor Sky lab as closely 
as possible. One variation was that the day began 
at 0700 Houston time rather than the 0600 time 
planned for Sky lab for the convenience of the 
operation team. Also, because the SMI, A I mission 
was concerned with medical experiments only, 
whereas the Sky lab mission included earth re- 
sources experiments and Apollo telescope mount 
activities in addition to the medical experiment*, 
certain supple men tan' activities were added to the 
SMFAT mission. 


20- r> 

The first :UI minuter- to one hour of the day 
were allotted for personal hygiene and prebreaklasl 
experiments. Wood drawings, crew microbial 
samplings, and crew oral sample* might be 

scheduled during this time period. 

Preparation of breakfast, consuming the meal, 
cleaning up, and making initial preparations lor 
the next meal generally required about the next 
40 minutes ol the day . All ol the crew 

participated in these activities. I In* 40-minute time 
requirement and involvement ol the entire crew 
was typical of the lunch and dinner meals also. 

Following breakfast, one crewmember was gen- 
erally assigned kitchen and housekeeping duties 
followed by a television safely scan ol the cham- 
ber. The other two crew members accomplished 
tasks outlined in the timeline. On a major medical 
day, the bulk of the interval between break last 
and lunch (approximately 1400) and between 
lunch and dinner (approximately 1900) was 
occupied by the performance of medical ex- 
periments, Two crewmembers at a time usually 
were occupied with these experiments with the 
Scientist Pilot participating both in the morning 
and in the afternoon. Kitlier the Commander or 
Pilot was also involved. 

During the time when a crewmember was not 
involved in the medical experiments, he was 
scheduled for supplementary activities such as 
courses, pantry restocking, system housekeeping, 
and television safely monitoring duties or other 
items. On days when major medical experiments 
were not scheduled, SMKAI experiments and 
supplementary activities were specified for all 
crew members by tin* time line. 

After dinner, the chamber was cleaned for the 
evening, the daily report w'as prepared, and the 
television safety* scan was accomplished. Prepara- 
tion for tin* next day s activities would be 
accomplished also. Posldinner ta>k* generally re- 
quired one hour or longer depending upon the 
complexity ol the next day s activities. 
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\ rest and relaxation period began around 
2100. Trie* vision , tin* oll-dutv activities equipment, 
or llir phone might he used at this time. 

The planning cycle lor a day was begun the 
morning before thal day willi the premission [dan 
serving as a basis. Imminently, changes were made 
in the premi»ion plan. I ransler o! information 
with regard to these changes between the eliamber 
and tin* outside was made in aeeord with tlie 
schedule of simulated station passes and Usually 
oeeurred near meal times. because llie timeline 
activities were in convenient time blocks, 

rearrangement ol activities was facilitated. I lie 
times allotted lor various activities by the permis- 
sion plan was generally accurate. An exception was 
the Inflight Medical Support System micro- 
biological experiment which required signil icantly 
more time than was allotted. 

One day a week was scheduled as an oll-diil) 
day. It was usually either Saturday or Sunday ol 
each week, depending on test requirements. 
Preparation of a weekly report wa> one ol the 
major unscheduled items to be completed during 
this day. This normal!) required about live hours 
of crew lime. 

Data Recording 

SMF AT data recording practices simulated tin* 
Sky lab mission. Five types ol reports were 
prepared and all wi re found useful. One or two ol 
the reporting types were generally lound to be 
most Appropriate lor each particular task. The live 
reporting methods were: 

1. Speaking into interphone boxes. I his simu- 
lated the Sk\ lah voice recording capabilities and 
was used, for example, to record call girth and leg 
hand calibration numbers during an M0 l )2 
experiment run. 

2. Forcing a number ol items over a lime 
period and then repealing the group of items into 


the interphone boxes. An example i> the recording 
of environmental measurements taken al various 
points in the eliamber and reporting all values at 
one turn'. 

2. The daily report prepared b\ a crewmember 
which was then read into llie interphone s\-t<m. 
Here, tlie eliamber log was heavily used to record 
items to lie included in tlie daily report, and the 
log also served as a record ol the reports. I en to 
twentv minutes were normal!) required lor deliver) 
of tills type ol report. 

F The weekly report. This summary report 
was prepared during the oll-dutv day in written or 
outline form and delivered using tin- simulated 
Skylab voice record capability. About one-hall 
hour was required h>r delivery. 

o. Direct contact with the CAI'COM T his wa^ 
used primarily to discuss immediate problems. 
Direct contact was found difficult at limes in the 
simulated Skvlah environment because ol the 
restricted contact with the ground. Simulated 
teleprinter and voice record rather than attempting 
to copy ami answer questions in rial lime wa> 
more effective. A procedure which was lound 
useful was to have the (i.AW-OYI advise tin* crew 
when there was a simulated radio contact. 1 his 
obviated the necessity for keeping a schedule ol 
station contact. 

Supplementary Activities 

Scheduled SMI’ AT activities included Sk)lah 
medical experiments, SMF A I -specific experiments, 
and supplementary* activities. I he supplementary 
activities occupied timeline periods which in 
Skvlah might lie used lor earth resources program 
experiments, Apollo telescope mount activities, and 
other Skylab-specilic activities. The supplementary 
activities were selected by the individual crewmen 
and included a Russian course, Command Module 
course, astrodynamics course, solar physics course, 
electronics course, medical research, model build 
ing, and commercial pilot license study. 
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Three members ol tin* [NASA Astronaut 01 lice 
participated as crewmembers in the Skylab Medical 
Experiments Altitude Test. This is their report on 
that test. The crew assignments were: Robert L. 
Crippen, LCDR, LSN, Commander; William L. 
Thornton, M.D., Scientist Pilot; Karol J. Bobko, 
Lt Col., I SAF, Pilot. 

A detailed description ol this lest and the 
hardware used therein has been provided in earlier 
sections of this document and can also be lound in 
the SMEAT Program Plan, Revision A, dated March 
20, 1972. 

The objectives of the lest were: 

Primary 

1. To obtain and evaluate baseline medical 
data for those Skylab experiments which 
reflect the Skylab gaseous environment. 

Secondary 

[. Evaluate selected hardware. 

2. Evaluate data handling and reduction. 

3. Evaluate pre- and postflight medical 
support operations, procedures and 
equipment. 

4. Evaluate inflight experiment operating 
procedures. 

5. Train Skylab medical operations team. 


Most of the Sky tall major medical experiments 
were conducted in the course ol the SMI*. A I lest. In 
addition, some Skylab systems ami equipment stieli as 
food, waste management, entertainment, clothing, 
etc. were exercised. Scheduling, communication, and 
procedural changes were also handled in a manner 
similar to that planned lor Sky lab. 

Since the Skylab activities included in ibis lest 
would not occupy our entire day, additional items 
such as Russian lessons, Command Module courses, 
medical research, am) model building were added and 
scheduled as timeline activities. 

Our participation in SMEA I began on July 20, 
1971, about a year before the lest actually started. 
The early crew participation was in the area ol design 
and operational planning. Actual training began in 
November 1971. Ocw training in the chamber with 
the test equipment began in the spring ol 1972. Alter 
the completion of the test the crew continued with 
follow-on portions of the medical experiments until 

October 9, 1972. 

Medical Experiments Discussion 

M092 - Lower Body Negative Pressure 

The M092 pretest protocol generally followed 
that outlined lor the Skylab mission. Most training 
sessions were also baseline data gathering sessions to 
make the most of all available lime. Hardware 
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problems noted during the le-t had usually been 
noted during (hr pretest activities. 

During training and baseline rim-, pain in the 
abdomen was noted h\ two of us at the higher della 
pressures caused b\ the skin 1 m -11 to j m 1 1 !•-< I up around 
llit sharp inner lift ol (hr in- plat* 1 . Our uiiil was 
radiused. which solved the problem. Wr would 
n-comuirnd this u> a change to iIm 1 1 i^li t hardware. 

I lie I.BNPD had excessive leak rates during most 
ol the test runs m spite ol all crew ellorts. A new 
w a is l seal was passed in and installed during the test. 
\ zipper failed on the first new seal: this illustrated a 
probable single point failure, ( oiisideralum should be 
given to living a backup waist seal. 

Hi. new seal was somewhat more difficult to get 
into since it was more closel\ contoured to the hod\ . 
Subjectively , we did not notice a great deal of 
drlfereiuc between the new and old seal. They should 
be judged on their capability to reduce leakage. 

The device has a restraint strap lor the legs, 
located at the knees, that would nut remain properly 
positioned. Some l\ |#<* of restraint i> probably re- 
.piired, hut this strap is not adequate in that it would 
not hold the legs. Also, the Velcro on the strap 
tended to catch the hair on the subject s legs and 
cause some discomfort. II restraint ol the legs at the 
knees is required lor flight, then the strap must lie 
improved 

A failure ol the automatic blood pressure cull 
occurred during the test. The unit was passed out, 
repaired, and relurned to the chamber. The failure 
was caused when a wire on the accelerometer was cut 
by a piece ol metal tubing. The same problem was 
encountered on a pretest failure. It appears to be a 
design problem and should he corrected lor flight. 

The Blood Pressure Measuring System (BPMS) 
gave values of systolic and diastolic pressure that 
differed substantially from those we measured using 
the manual blood pressure ruff from the Inflight 
Medical Support System. This was observed during 
the pretest activities, and the differences seemed 
more significant while the chamber was at o psia. This 
difference varied each lime it was displayed, so it was 
impossible to just add a della to get the correct blood 


pressure. The difference was normally larger than 
I Omni I Ig ami periodically increased to more than 
•Kl linn llg. The large>l errors were in diastolic pres- 
sure. 

During a special lest run at tin* request of the 
“outside world, the BPMS decisions were comparer! 
with those of a crewman. It was found the systolic 
decision usually varied at least plus or minus one 
beat. Whether the BPMS system made tin* decision 
high or low seemed to vary with tin* subject and with 
the blood pressure. The diastolic decision was nor- 
mally one to more than three beats late, finite often 
there was a signilicant pause alter tin* light signifying 
k sounds stopped flashing, and then the pressure 
indicated would In* in the 50*s. Tin* BPMS also 
randomly display cd “001 systolic pressure, and 
sometimes “001 diastolic pressure. 

. There MTHU'd to he some question by the outside 
as to whether the unit w a- in error, from our 
standpoint the BPMS unit used in SMI. AT was 
obviously in error and was un satisfactory for moni- 
toring the health and well being of the test subjects. 
When monitoring a subject, just one unusual reading 
can cause concern. The requirement to take manual 
blood pressures is an undesirable task for tlie oh 
servor, but is certainly a task for which lie should he 
trained. I his problem of erratic blood pressure 
indications should be investigated to determine the 
cause and correction required for flight. 

The heart rate display periodically hung tip. 
normally on the calibration number. However, to- 
ward the end ol SMI*. M it bung on other values also. 
Ibis was also noted pretest. Its (requeiiey ol occur- 
rence increased as the test progressed. There was also 
no easy way to release what appeared to he a re|j\ 
hang up. This failure is especially serious because 
both the crew and ground control lose real-time heart 
rate. Ibis failure has been said to have occurred in the 
I g trainer unit as well. This problem should he 
investigated, and any applicable correction should be 
made to the flight unit. 

It should he noted here that the observer could 
normally handle tin* backup procedures for a single 
failure. When two failures were encountered, the 
third crewman had to conduct the experiment. 
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The Lou; Volume Measuring System (IA MS) 
worked very well after some hardware problems 
encountered pretest were ovcrroim*. Some problems 
won* encountered in gelling good contact lor a 
around return Iron* tin 1 reference band on our 
subject. 'Hits was solved by using elec Irode sponges 
from tile Vectorcardiogram kit and some niosite 
wedges to bold the reference band against tbc leg. 
Tliis procedure was then used on all crewmen and 
worked very well. Neither wedges nor extra sponges 
are baselined for Sky lab. We recommend that tiles* or 
similar hardware be provided lor flight. 

There was a problem ol making erevv procedures 
compatible with the software program used to reduce 
the experiment data. This was primarily associated 
with tagging t ho data in some manner such that tin* 
program knew where it was. Ibis was never satisfacto- 
rily worked out during SMLA I . We considered the 
procedures used in (his an a unsatisfactory lor llighl. 

This comment is applicable also to data handling lor 
M09d and M 1 7 I . Appropriate action should he taken 
immediately if the problem is to be solved. I be 
appropriate action should lie a soltware change and 
not a procedural one. 

The shock isolation did not work. Ibis apparently 
caused no problems because we always pressed on 
without it. M it i- not important enough to fix. it 
should be eliminated from the procedures. There 
were a series of subjecl-lo-ground shorts, all ol which 
had been demonstrated in training, including sweat 
dampening the blood pressure cull, insulated areas 
on the 1.HNI\ portions of the temperature probe and 
many area?* ol the bicycle alter sweating. 

M093 — Vectorcardiogram 

The Vectorcardiogram (VCCJ) harness used with 
this experiment was also used with M092 and Ml < I. 
Most of the comments in this section apply to the 
harness and occurred during the perlormance ol all 
three major medical experiments. 

We were tattooed in March 1972, to mark the 
electrode sites, and the marks were adequate but not 
conspicuous. 
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Several prelot problems plagued u> through flic 
te>l, Sloinaseal tapes u-cd to stick the electrodes to 
the -kin caused irritation to all ol u> at one lime or 
another. The irritation varied between batches ol 
Sloinaseal and subject.- The irritation left sear.- but 
was never painful. We received a procedural change to 
reduce the amount ol wiping ol the an a prior to 
applying the electrode. This cured the problem lor 
one subject and reduced it lor another. We recom- 
mend the Skylab crews try seals from tin flight batch 
early to insure there i- not a similar problem. 

Some of tile electrode sponges were loo thin lor 
the depth of the electrode cup with resulting high 
impedance. We handled this initially by using two 
sponges in each electrode. Any requirement to change 
an electrode is often a very lime consuming process 
hccaiise it was usually necessary lor the subject to get 
out of the IJtNIM) after the LVMS bands had been 
attached and calibrated. During the te>t we received 
VCf. harnesses with electrode cup depths that were 
compatible with the sponge.-. We recommend these as 
the type that should be llown. 

The* initial VL(J harnesses were loo small lor the 
SPT and PLT. This caused electrodes to be pulled off, 
and time was lost during electrode replacement. I he 
problem was corrected by passing personally fitted 
V( Xp harnesses into the chamber alter the le>t had 
started. We recommend that flight harnesses either be 
personally lilted or that several sizes be available to 
cover the range ol crewmen. 

Connectors on tin* modified VLL harnesses devel- 
oped a binding problem after they were used lor 
several weeks. I hey became increasingly difficult to 
conned and disconnect from the SIH. It i.- doubllul 
they* could have been used for the full eight weeks. 
We were not able to apply Cryotox to the necessary 
areas to relieve what appeared to be a galling 
problem. We recommend investigation of this prob- 
lem to determine its cause and correction lor the 
flight items. 

We often found electrode sponges that were too 
dry . In certain eases il was obvious they were loo dry, 
and in others this was not discovered until e lectrodes 
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were applied arid the impedance cheek was lx * i 1 1 tx 
perlonticd. there was a great deal of variability 
between packages ot sponges. This problem should be 
investigated and action taken to insure tin* sponges 
Mown have an adequate amount of electrolyte. 
Consideration should also In* given to increasing the 
number ol spoiling available in view ol the use rate in 

sMK.vr. 

I he VCt; electrode ks! sliould provide enough 
/ephrin wet wipes to allow lor two to be used on 
each application (belore anrl alter), plus a reasonable 
number lor spares. 

Ml 10 Series — Hematology 

Training lor this experiment commenced prior to 
training at Sheppard \ir Force Ihise in the use ol the 
Inflight Medical Support Systems, \tter a I .o hour 
session at Johnson Space Outer, the U)K and PUT 
performed their lirst needle sticks. Hlood drawing 
training was repeated at Sheppard M'lL During each 
pretest >ession in which we were required to give 
hlood, \vr were allowed to draw hlood from someone 
else. I’lie training was good. We suggest, however, that 
llight-type needlo and syringes be used with blood 
transferred to the Automatic Sample Processor (ASP) 
in Sky lal> training sessions as this i> where problems 
arose during the test. 

I luring the SMK AT lest we drew blood samples ol 
I I to 2b ml each week. The larger amount was 
required on three sessions lor a ehumher-peeuliar 
microbiology study . Venipuncture was not a 
problem, even lor the amateurs among us. However, 
even with proper penetration o! superficial veins, 
there were eases ol spasm which made it dilfieult to 
get the blood out. There was no difficulty with 
deeper veins (arilccubital) and we would recommend 
tiles** Ik used even though they are not the most 
obvious target lor a beginner. 

Some hlood drawing problems were caused by air 
leakage at the needle/ syringe interlace. Needle hubs 
and syringe fitting were obviously distorted. This leak 
also allowed air to get into the ASP when it was being 
filled. A leak at this interlace is unsatisfactory', and 
steps should he taken to insure it does not occur 
during flight. 


We encountered some difficulty in evacuating the 
ASP with til*’ vacuum source available. A larger pump 
was added during tin* test, hut it still did not seem 
adequate. The last T> ml ol each sample had to be 
forced in under pressure. This meant that a small 
blood spill oceurred each time tin* syringe was 
withdrawn Irom the ASP. Steps should In* taken to 
insure the ASP is adequately evacuated inflight, for 
both experimental ami operational considerations. 

The centrifuge was simple to operate with the 
exception of insuring the cover was centered. The 
cover was easily misaligned and even when care wa> 
taken to insure proper alignment the device still 
vibrated excessively in the separation mode. Steps 
should he taken to minimize vibration, for example, 
providing a centering fixture to allow easy cover 
alignment. 

We tie* ecntrilugc on the mosite portion of the 
1 HNPD upper torso restraint to stop the vibration 
irom being transmitted throughout the chamber. 
Consideration should be given to shock mounting the 
device on Skylah. Provisions should also be made for 
capturing the cover restraining nut and providing 
in-use stowage lor tin* dummy weights to simplify 
zero g operation . 

M074 — Specimen Maas Measurement Device 

The slate*! purpose of this experiment was evalua- 
tion of the man-machine interface and hardware 
performance of the Specimen Mass Measurement 
Device (SMMD) in a simulated space environment. 
Naturally tin most significant aspect of the 
environment, i.e. weightlessness, could not he simu- 
lated. 

A prototype SMMD was available approximately 
a month prior to the lest. The SIT and Project 
Engineer evaluated its performance and attempted to 
work out procedures for measurement of food 
residue prior to chamber installation. During this 
period ol prechamber tests, several characteristics of 
the instrument became obvious. The temperature 
measuring system was incorrect bv several degrees 
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even prior lo . li i tronu » warin-u|>. Tin- <l« vi< <• was 
sensitive to loealion on tin* sfieeimen tray ol tin- mass 
to Ih- mi asiireil. 

Several restraint melliods were tried will) a 
variety of food residues. Tin- most promisin'! seemed 
to In' placement ol any residue in an elastomer 
(Mylar) bap which was folded to prevent spillapc. 
Total mass of all items such as the Mylar hap. number 
of Wipes, and the type of cans that were used in the 
measurement was recorded. A standard tare weight 
would then he used for the hap, food container, and 
wipes. 

After installation in tin* chamber, runs were made 
at 14.7 and 5 psi. Many calibration runs were made 
during the test along with simulated food residue 
measurements. As has been noted, no food residue 
measurements were required during SVIKA'I This had 
not been predicted, hut we leel it reflects a realislk 
slate of affairs. On the basis ol these results, die 
requirement for (ood residue measurement should Im 
minimal - on the order of not more than ten 
measurements per mission or fewer. I his, of course, 
has potentially favorable impact on timeline and on 
tbe quantity of accessories needed for making the 
residue measurement. 

When making residue mass measurements, two 
requirements must be met. The first of these is to 
contain the liquid and semisolid food; the second is 
to prevent any sloshing of this food during the 
measurement process. Alter experimenting with a 
large number of potential methods, it is our reconi* 
mendation that a Mylar bag l>e provided with a small 
malleable metal clip to allow complete closure. I lie 
food can be placed in ibis along with tin requisite 
number of wipes to prevent slosh; that is, to soak up 
the liquid. The number of wipes and the type of I ood 
container used should be recorded. Although other 
time-saving methods might be devised* the predicted 
infrequency of the need to make I ood residue 
measurements suggests the method described is a 
reasonable approach to follow. 

during the chamber run. as expected, the internal 
thermometer readings bore little relationship (except 
for being constantly higher) to either ambient 
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temperature or the temperature of tbe >trueliire as 
measured by independent methods. I bi>, ol course, 
was further confused alter the instrument had hern 
running for a few minutes and local temperatures 
increased while there was no increase in tin support 
ami spring temperatures. The device also continued to 
be sensitive to mass loealion. 

During the test the elastomer sheet used to 
restrain specimens eatne loose since considerable 
local tension is applied, and the bold-down strip is 
very flexible. This should be modified on the Might 
unit . 

4 Calibration proceeded normally and the timeline 
seemed realistic. The largest difficulty was 
experienced in voice recording the data. 

Average fecal measurement errors were on the 
order of less than I percent, hill some were 
occasionally greater than 2 percent. Some can 1 is 
required lo place large fecal hags in the unit since 
difficulty can be encountered in locating and contain- 
ing these on the tray. In order to determine the 
minimum number ol cycles required to make 
accurate mass determinations, each cycle was 
recorded without preliminary seating in runs. It 
should be possible to reduce the number of counts 
lor ordinary measurements Irorn live lo three. 

The device was performing reasonably well until 
the time of the elastomer bold-down separation. Prior 
lo passback into the chamlier, the unit was 
autoclaved twice which apparently disturbed the 
springs, for the device always had excessive drill alter 
this lime. Some measurements that had been planned 
to investigate other characteristics of operation were 
not possible because of this. 

Ml 71 - Metabolic Activities 

The metabolic activity balance, tbe lower body 
negative pressure experiment, and the calcium bal- 
ance study form an interrelated triad of experiments 
and are the major Sky lab medical experiments. 

The stated objective of M I 7 1 in SMKAT was to 
“determine if mans metabolic effectiveness in doing 
mechanical work is progressively altered by the 
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simulated space environment \etualh ( 1 1 1 > exprri- 
in' iil concerns itself with oulv one mraMirr of work 
metabolism, i.e*., rl lee *iiv encss in |H , Jalin«' a bicycle* 
ergometer. Mtbongh not staled, sime additional 
far tors hesiele-s bicycle ergoimlrv would mthi esse*n- 
tial to reasonably meet the* staled objective. These 
items should unhide* hoely size; cemipositiem; tin* 
strength and rtidurunrr < >1 tin upper and lower 
eNliriiiilies: and the quality and l\pe of pretest, 
m-lesl, and postlesl exercise. 

Haseltm* testing lor hieyrlr crgomelry plus melab- 
olir ga> analysis was seliedtiled to be*giii some si\ 
months prior to the test, hut hardware problems 
el lectiv ely prevented any baseline data eolleetion 
until a "minimum baseline was rescheduled approxi- 
mately six weeks prior to the test whieh included 
some live data Catherine se ssions. 

The <I)K experieneed a large training effect such 
that his lull work eapaeitv was not tested, nor was 
the protocol revised to even approximate* his 2o, ,10, 
and 7o percent ol maximum load, (onvcrselv ma- 
chine limitations re quired te st loads to he se t lor the' 
SP I well helow his .10 am) 7o percent ol maximum. 
Vital capacities obtained on the* metabolic analyzer 
varied widely from values obtained on a laboratory 
spirometer. 

\> preelumbe r mils continued. \\ e be came con- 
vinced that the' nietabolie aiuilx/cr was unworkable. 
This was reinforced by a test ol the SMI' AT 
metabolic analyzer at 1 psi where the- unit ^dvi* even 
worse* performance. A test ol the Sky lab flight 
hardware was also made at 1 psi with results even 
worse Ilian tin* SMI, A I unit. It appeared that the 
metabolic analyzer had never Iwen tested under 
realistic conditions at 1 psi with subjects over a wide 
ranee. 

Following the- completion ol these tests, the 1 
de cision was made to Iwgiu tin* test le> obtain more* 
data on the* metabolic analyzer This meant that 
initially the* test was to lie used to trouble shoot the* 
metabolic analyzer since there was no reliable crew 
baseline data and the instrument wa> not giving valid 
results. This was a continuation ol what had [Mem 
done eluriug the baseline period where no baseline 


data, standardized training, or lixed procedures had 
be e'll accomplished. 

I o obtain some valid baseline elala we all per 
formed tests using Demglus bags, a Folluis ergome*ter, 
and a spireimcler. The SIT bael previouslv collected 
additional data using tlii> eepiiptm*nt . For the' oilier 
lw<j ol ns one* previous run represented our baseline 
data. At this time* an alternate* plan lor inchamber 
data Catherine* was requested by us. but not imple- 
mented. 

I he chamber te st went ver\ much as expected 
with tin* metabolic analyzer divine variable anel 
obviously erroneous data which typically followed 
the pattern ol impossibly high carbon dioxide* read- 
ings and carbon diuxide/oxygen readings with some- 
what variable oxygen values. Vital capacities varied 
from 0.,> te> }{,.» liters lor a given individual, and on 
certain days e xpired volumes were in comparable 
error. 

The metabolic analyzer had been wind at a 
number of data points, and these signals we re passed 
outside* lor troubleshooting records. Raw data from 
tin mass spectrometer, spirome te r, and other points 
were led into an online* digital computer which 
paralleled the interna! analog unit, and outputs arc* 
reported to he' oseiiliallv the* same*. 

In response to our requests lor sonic* valid 
measurements m the* < haml>rr, some Douglas bags and 
a turbine* spirome ter were* passed in late* in the* te st. 
The turbine spirometer proved to he* useless at 1 psi. 
but some apparently valid results were obtained with 
tin* hags. \ t.olliiis water-sealed spirometer was 
passed m and a scrie's of eemsistent re*aehn gs I d vital 
c apac ity were made each week until tile end ol the 
test. Douglas hag- we re* run e>nl\ thre e times for lwe> 
\alicl determination' on e*aeh en*w membe r. Some of 
the* runs gave excellent restdts while* others were* 
erratic* for no apparent reason. !( i> possible* that 
alcohol used in cleaning the hags interfered with the 
mass spectrometer used in analv sis. 

1 li«* linal weeks in te st were* spent in a serie*s of 
troubleshooting maneuvers involving some seven 
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special procedures, some ol‘ which were run re- 
peatedly. One special procedure applied "fudge lac 
tors' to the calibrations in an effort to make the 
measurements 'look ri*rli l . Even after this, many of 
the measurements were not credible. 

I he respiration valves had several problems. Ap- 
parently the springs on the valves were not strong 
enough to hold them closed without the aid of 
gravity , there was a tendency lor the valves to stick 
when there was an accumulation of moisture. The 
inspiration valves also opened at the end of large, 
rapid expirations, adding up to 2.10 ml of gas to the 
expired volume. These valves became dirty, and we 
used a gravity -peculiar procedure for washing them. 
Some technique should be developed to clean the 
valves in zero g for Sky lab. 

The expiration hoses accumulated so much liquid 
that a small bucket was used to drain it. Although we 
wen* reassured this was condensate, it had the 
appearance ol saliva. Several samples were sent out 
lor a determination of the type of liquid, but this 
determination was apparently never done. Posttest 
microbiology iound a large number and variety of 
organisms ami fungi in this hose. A way is needed to 
clean this hose in Sky lab. It would also seem 
advisable to use a new expiration hose for each 
mission. 

Other problems affecting M 171 were erratic 
operation of the Blood Pressure Measuring System 
and hangup of the cardiotachometcr (discussed in 
connection with M002). When either manual blood 
pressure or heart rate is required for data purposes, an 
additional crewman is necessary to cope with the 
amount of data gathered. Further, some training is 
required to make valid heart rale and blood pressure 
measurements under exercise. 

The bicycle ergomrter is essential not only to this 
experiment but to the crew 's exercise program. The 
SPT had extensive experience with the ergometer 
prototypes prior to the chamber run. Except for 
some pedal failures it had been a reliable device, 
tolerating long runs at maximum workload. It is a 
comfortable ergometer to use. 


In the chamber the ergometer failed niiiiaflv on 
the second day, alter approximately 10 minutes at 
2H0 walls. The lailure was reported to he in the load 
unit brushes. The ergometer was passed out of the 
chamber, the load module was replaced with a 
Development Verification Test l nil, and the 
ergometer was passed hack into the chamber with 
restrictions placed on its maximum load. Even with 
this derating, some binding was lelt at the end of a 
.10 minute run, and even more stringent restriction*., 
1 10 walls maximum lor TO minutes, were placed on 
its use. The failed load module was repaired and 
plared hark on the ergometer. The new operational 
restriction was TOO watts maximum with a maximum 
time of d() minutes lor exercise. The unit failed again 
alter five days use with a loud mechanical grinding 
and binding followed by free wheeling. This time the 
lailure analysis was reported to have revealed a 
defective strain gage. This is not consistent with the 
mechanical noise that accompanied the failure. 

The seal on the ergometer showed a significant 
amount of wear considering the restricted use tins 
device received during SMEAT. 

Just prior to the end of the lest, the right pedal 
l>egan to hind. It was also necessary to tape tin* 
triangle portions of the pedals out of the way when 
the device was used in the hand mode since latches 
for this purpose were not adequate. 

A Monark mechanical ergometer was passed in 
following the initial failure. This machine performed 
in its usual reliable fashion, after the front wheel and 
tachometer take-off were properly reassembled in 
chamber. 

The PLT was the only crewman who wore the 
zero-g restraint assembly. The over-the-shoulder 
straps were too long to allow proper adjustment, 
especially for smaller individuals. The parachute cone 
tore loose after approximately one week's usage. This 
harness caused a heat buildup with an initial marked 
increase in heart rate. It also restricted motion and 
caused complaints of posterior tenderness from local 
ized pressure points. There was initially a marked 
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difference m heart rate at a given workload with and 
without the harness. 

\ shirt was always worn with tin’ restraint 
assembly hut the assembly normally became wrt and 
required drying. I he harness dried w ithout dil licully 
when hung IrtHii tile ceiling **rit I lor three or lour 
hours. It three Sky lal» assemblies are to be provided 
tor use by different erew members, a place lor eaeh to 
dry must also Ih* provided. I lie restraint assembly was 
used lor approximately live weeks ol the lest and no 
notieeahle problem was noted with dirt, odor, or 
apparent bacterial growth. 

The ergoineter was repeatedly tried early in tin- 
iest in its heart-rate controlled exercise mode. I In* 
unit s response in ibis mode resulted iti alternating a 
load too great lor the average man to handle with 
virtually no toad. \ recommended fitness program ol 
ten minutes of heart rale greater then 1 10 heats per 
minute seemed inadequate prior to the test and this 
proved to be the ease during the test. Post lest, we 
tried to duplicate the “heart rale' modi' problem but 
the unit worked properly 

The earpiece lor determining heart rale could be 
made to work at certain heart rates, il the correct 
heart rate were known This was done by adjusting it 
until the proper rate was indicated. It read 
dangerously low at very high rates. I lie combination 
ol still lead wire and no suitable ear support made it 
both hard to use and probably add to its inaccuracy 
through movement arlilaet. I licsc deficiencies had 
been pointed out many times be I or*' the list began. 

Prior to the test, a number ol el torts were made 
to get some functional measure id muscle strength 
and performance as well as measurement ol body 
composition. Several NASA units capable ol such 
muscle measurements were found in San Francisco. 
These were shipped to Houston, but arrived in an 
unworkable condition. Ibis was not rectified prior to 
chamber entry or exit. 

Ml 51 — Time and Motion 

Sky lab experiment Mill was conducted in 
SMFAT using available television cameras instead ol 


t lie Ih mm data acquisition camera. Activities 
covered included meal preparation, food residue mass 
measurement, and the major medical experiments 
(M092/W1/I7I) 

Crew involvement was limited to positioning the 
television cameras and insuring that our activities 
were within the held ol view . This constraint tends to 
inhibit natural motions ol the subjects. We feel the 
camera position should be selected to cover the 
general area with no additional constraints being 
placed on the crew. 

One activity to be recorded w as the w eighing ol 
leftover food However, we never had a legitimate 
requirement to weigh leftover lood and led this will 
be the case in Skvlub Thus, we suggest that a 
different activitv be selected lor this experiment, 
such as SMMU calibration. Food pantry restocking 
would also lx- an appropriate activity for a lime and 
motion studv. Because crew participation was* limited 
in this experiment, no significant problems were 
encountered. 

Ml 33 — Sleep Monitoring 

The Mill Sleep Monitoring Experiment was 
performed hv two of the crewmembers during 
SMI AT. All member' collected baseline data during 
three nights deep pretest, but this was unsatisfactory 
lor t wo ol the crew and another set ol three nights 
data was required 

Two crewmembers began the lot using the Mill 
instrumentation, but one developed an allergic reac- 
tion to the electrode* and their electrolyte. There was 
a generalized headache and some general swelling over 
the subject ' fie ad. After two attempts, that crew- 
member stopped hi> participation in tin* experiment, 
and the remaining crewmember replaced him lor the 
rest of the test. 

There were two failures (a power circuit breaker 
opened) ol one ol the Mill units. One ol the failures 
occurred before the tot, and the same unit failed 
during the lest. Two preamplifiers failed during the 
test. 
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Test electrodes had mon* electrolyte than pretest. 
Test electrodes tended to leak paste, formed blobs in 
the crew's hair and ran down the sides ol the head. 
Showering was the only effective way of cleaning this 
dried electrolyte from one s hair, but our showers 
were normally scheduled just before Ml. id data 
collection periods. A reverse ol this scheduling would 
have been more appropriate. 

For safety reasons, the caps lor the M 1 .13 
experiment were made of polyben/.amedizole (PHI ) 
instead of the previously baselined Spandex material. 
We found no significant cornlort difference between 
the PHI and the Spandex caps. However, PHI caps did 
not have a strap over the accelerometer, which 
resulted in the displacement of the accelerometer 
from the cap of one crewman on lour or five 
occasions. 

Wearing the Ml 33 instrumentation, with either 
the Spandex or the PHI cap, tends to make sleep less 
comfortable and seems to affect sleep level and 
quantity. The eight electrodes used are quite detect- 
able when one is between your head and the pillow . 

Halfway through the test the tapes in the unit 
were changed. One tape unit was not installed 
properly, and all data from it was lost. Insuring the 
tape is properly installed is a problem since there is 
no way to detect tape movement once the unit has 
been reassembled. We recommend some method, 
probably procedural, be developed to alleviate this 
problem. 

Environmental Noise 

The Detailed Test Objective concerning environ- 
mental noise required only that environmental cham- 
ber noise and possible effects on crewmen be studied. 
Of more importance and inherent in these measure- 
ments were the effects of atmosphere on sound 
production transmission and changed atmospheres 
perception. 

There was a great deal of difficulty in getting the 
test wiring installed, but it was completed just prior 
to test start and in time lor a 14.7 psi baseline run. 
Headphone and threshold sw itch lines were too short 
to allow optimum placement of audiometric testing 


in the quietest area ol the chamber, thal is, the lock 
area, 

After solving some problems ol inadequately 
controlled hot microphones by procedural methods, 
the operation became more or less routine. Ques- 
tionnaires supplied seemed irrelevant and repetitious. 
There wen* relatively frequent problems with the 
audiometer which was a screening rather than a 
diagnostic unit. These included spurious tones in the 
opposite ear and difficulty in controlling the level by 
the threshold switch. 

In addition to the tests made at our request, 
spectral transmission measurements were made on the 
stethoscope. Voice readings were also made at 5 psi 
and frostiest at 14.7 psi to allow later spec Ironic tri< 
measurements. 

Crew Microbiology 

The crew microbiology sampling was similar to 
that used for pre* and post-Apollo and that planned 
for Sky lab. The in-test sampling was a 
SMEAT -peculiar test and in no way rellects any plans 
for Skylab. 

The protocol consisted ol a full set of samples 
every' other week and a gargle each week. We 
performed the sampling pre- and posllesl and in the 
chamber to reduce sampling variability. This al*> 
allowed for a considerable amount of practice under 
the observation of the experimenters. Because* of this 
practice and the planning by the experimenters no 
problems wen* encountered during the test. 

The only problems involved with this experiment 
were experienced pre- and posttest. These were 
remembering that we were to be sampled and try ing 
to generate a fecal sample within the constraints of 
working hours, midweek, diet, and collection facili- 
ties. 

Environmental Microbiology 

This was a SMEAT -peculiar test that involved 
periodic collection of metal strips in the chamber, 
and operating an Anderson air sampler for ten min- 
utes. 
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rih •re were vertical strips at various locations on 
t ln‘ walls anil horizontal strips located undi*r the air 
grills in tlir plenum arra to colled bacterial lallout. 
We led tile horizontal strips did not properly rid h i t 
tin* chamber environment. Sinn* all air circulated 
through the grids, a large amount of trasli was 
deposited on the plates including urine and waste 
water spills in the waste management eompartrueiil. 
Procedural!) we were not supposed to touch the 
plates except with sterile forceps when we were 
collecting them, which resulted in their becoming 
liltlix . It is dillicult to imagine an\ area becoming 
this dirty without the crew taking some action to 
clean it. In view ol this we tell that anx conclusions 
regarding the data on these strips should consider 
ibex wert' tin* filthiest tiling in tin chamber only 
because of the procedural restriction on cleaning. 
There were no operational problems with the strip 
collection anti air sampling tasks. 

Inflight Medical Support System <IMSS) 

The stated purpose ol this experiment was to 
lull) exercise the IMS> equipment ami obtain simu- 
lated diagnostic microbiological samples using the 
c<|uipmeul and procedures checklist iruliainher. 
There were Iwtt aspects ol tin etpiipnieiil. one a 
physical diagnostic and treatment capability and the 
other a microbiological anti hematological diagnostic 
capability . 

Training on this equipment started with a trip to 
Sheppard A NT These ellorts w ere somewhat poorly 
organized, too much detail was covered m too short a 
period ol time, anti mail) practical aspects of 
equipment u><- were neglected. Pretest training was 
provided locally with available hardware 
Ijnlortimutely the actual hardware was frequently 
not available or only available in separated hits anti 
pieces and not as a kit. 

Pile dental area ol the I MSS deserves special 
mention. Mlhough this was a simpler effort, if for no 
other reason than (In* restricted anatomical an a it 
treats, the training and kit were thought out ami 
executed in an exemplary fashion. Unix tin* essentials 
which were likely to he encountered were considered, 
that is, extractions and other emergency procedures 
The more esoteric aspects of dental care were not 


belabored. Practical training was excellent with good 
exposure to clinical material at the I S\I* Dental 
f dn lie at Willord Hall in San Antonio. The dental 
ofiicer was always present and had first-hand knowl- 
edge ol just what each member o| the crew was 
capable ol performing. 

It is left that the amount of time allocated for the 
I MSS training is at In minimal. This is particular!) 
true ol the microbiological and microhenia tological 
procedures. 

During the training period a working slide staincr 
was never seen in conjunction with all the rest of the 
equipment nor were the complete examination and 
treatment kits M en together. Some weeks belore the 
beginning oi tin* test, it was decided that the I MSS 
diagnostic and treatment kits were required for 
development ol Skx lab procedures. These were, 
therefore, removed irom tin* SMKAT chamber, \fter 
considerable scrambling a scratch kit was put together 
utilizing Development/ Verificalion/Tcsl Unit cases 
and other components which could he acquired. We 
saw this gear lor the lir-t time when we carried it into 
the test. 

The diagnostic kit was used several times in 
routine physical examinations and is considered 
general!) adequate with one or two exceptions. The 
longue depressor cannot he adequate!) sterilized 
from one patient to the next, nor could we devise a 
really humane wax oi using it. I his item w as not 
included in the chamber kit. Fortunate!) we had a 
few wooden longue blades in sterile packages. These 
are recommended lor Skx lab. 

Our kit was packed without electric bulbs in anx 
of the equipment requiring them. The bulbs wen* 
poor!) marked. This resulted in at least one error 
with a consequent burnout. Bulbs should he marked 
| » lain I) for tin* respective equipment. 

Two blood pressure inllation bulbs tailed, and a 
backup should he considered. 

The chief dilTieullx in performing a physical, and 
in most ol tin* IMSS work, was the lack ol adequate 
lighting and adequate work space. While there was no 
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problem in iisin *i tin 1 small pieces ol IMSS equipment 
in 1 g, there must lie some method ol restraining all 
the small pint's in Sky lab. 

Another difficulty was tin* reduction in sound 
transmission with some change in (requeue) charac- 
teristics caused hy the psi atmosphere. Mediate 
percussion was very difficult, anrl was prohahh made 
more so hy the increased low Ireqiieney noise in tile 
chamber. It could only he aecomplislied il the ear 
were about ten eentimeters from the linger, Under 
these eireurnslances more or less routine pemission 
could he carried out, and such items as heart margins, 
de scent of the diaphragm, and liver margins could he 
delineated consistently. The volume produeed hy the 
stethoscope was marked!) reduced, and there was 
some change in frequency response which made 
breath sounds in particular more difficult to evaluate. 
In order to document this, a stethoscope response 
characteristic was run at 14.7 and fj psi as an adjunct 
to the noise measurement lest. 

The Pulitzer bag was also rendered useless by the 
5 psi atmosphere, for uselul pressures could not be 
developed. The nasal olive’ on the unit wa> al>o too 
small. A few medications supplied in the IMSS were 
used. Nasal emollient wa> used by the PIT for drying 
of the external nares. It was considered to be 
effective here, but useless on the (J)R s chapped lips. 
Alphakeri was also tried with no success. One of the 
most wide!) used items was Phisohex, which 
appeared to give excellent control ol a beard 
folliculitis on the CDR as well a> provide some 
reassurance in cleanup of urine spills and general 
chamber hygiene. Tinaetin was used in an attempt 
to control the SPT s athlete s fool. Thi> was the total 
extent of the drug usage. 

Bandaids were frequently used to cover minor 
wounds, the most common of which were in flirted 
by knives used to open beverage container tops. No 
real evaluation could be made of many ol the items 
such as catheters, surgical supplies, and the like. 

The microbiology/hematology portions ol tin* kit 
involved the most frustrating procedures to be per- 
formed in the chamber run, with the possible 
exception of urine spill cleanup. The first difficulty 


was experienced in unpacking the Command Module 
Resupply Kit. Tin* mechanical manipulation^ involved 
in opening it were a major problem, immediately 
followed h) more dilfieully ill attempts to remove 
the internal rack>. (losing wa- another major ordeal. 
The raek is too light in the container and does not 
have adequate removal facilities. We pulled oil the 
tabs that were appurenllv provided h»r removal. 
I bis was followed hv a light with all manner ol tools. 
The Resupply Kit look up a great deal of room in the 
chiller and was dilfieull to get in and out. 

Another great difficulty associated with use ol 
the Resuppl) Kit was of collecting the man) pieees 
for a procedure and then tying them together in some 
orderly fashion. The checklist, white more or less 
eornplete, did not help greatly in simplifying this; 
however, il did make possible tin* completion ol tin* 
task. The bits and pieces required to complete tie* 
typical day s procedure were scattered in several 
lockers and in several containers in each ol the several 
lockers. These items wire used at various times 
throughout (tie procedures, and some ol them needed 
refrigeration until the time ol or immediate!) alter 
u sage. 

There was insufficient light to handle anrl idetililv 
cultures and inadequate working space on the loldout 
locker work surface in front of the incubator. I hi> 
was not sufficiently sized or correctly arranged to 
allow any reasonable procedures to Im* carried out. 
The additional IMSS work tabic was usually required 
while the portable light, which was never really 
sufficient, was placed above it. Fven then there was 
frequent spill-over to other portions of the chamls r. 

The cleanup and prophylactic procedures tor 
handling cultures ol microorganisms was also consid- 
ered inadequate. Retadinc pads by themselves were 
fell to be inadequate, especially in crevices or in 
attempting to deal with Velcro pile and hook>. 

In terms of equipment, the first difficulties were 
encountered with the poured plates. The SPT I el l 
these were poorly controlled. Although they were 
sterile on opening they eertainlv did not give that 
appearance. They were very uneven and the surlace 
was extremely friable. It was impossible throughout 
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the lest to use the loop to adequately spread the 
organisms without digging into the surface. 

Vertical positioning of tin* IVtri dishes in tin* 
tmnbulor allowed condensate to drain to the bottom 
with cross-contamination ol the dishes. This was 
corrected by placing thr dishes horizon tally . 

The first day of an IMSS 'illness event usually 
went reasonably well. Increased dillieulties were 
encountered tin* second day and quite ollen the 
timeline was overrun h\ approx imatclv one-half hour. 
Trouble alway s developed on the >4101111 (lay w ith the 
dispensers lor the sensitivity disks. Initially approx- 
imately one hour was spent tr\ ing to make the 
dispensers work properly . Some of them eould never 
be properlv bent into shape. I bc.-c <lisp 4 *nsiTs should 
In- corrected prior to flight. 

The third day always required at least one hour 
more than dm timeline allowed. One problem which 
eaused this delay was the slid * 1 stabler whieli obvi- 
ously had air in much of its plumbing At the re<|uest 
ol the project engineer, about hallway through tin* 
test the slide staiiHT wa** dosd\ examined by 
removal ol the baseplate. Tin re appare ntly is some 
extremely volatile material in the derolori/xr and 
\V ri*rl» t lixtlive aleohol which produces a large amount 
of vapor. This not only produced vapor in the lines 
hut also must have forced much ot the liquid out td 
tin* reservoirs for they wire practically empty when 
examined. Alter removing all air possible from the 
reservoirs liy means of needle and syringe and 
reinstalling them, the problem ot air in tin lines up to 
the point o! the selector valve was eliminated. The 
problem ol vapor in the alcohol lines, however, 
persisted. 

There wen* air leaks in the selector valves, 
evidenced by the fact that air was frequently present 
in the line going to (be staining chamber itself. 
Further, there was a good deal of backflow into the 
various staining lines unless the selector switch was 
moved to the S position. This later became standard 
practice. 

Once some of these problems were resolved, the 
stainer produced reasonable results. 


Alter a slide was finally stained (the smears 
themselves were always fragile and felt to be improp- 
erly fixed), there were problems in obs 4 *rving it under 
the microscope. Focusing was repeatedly difficult. 
This problem seemed to be caused by leakage of oil 
into the microscope objectives. The stage, which was 
nothing more than a pair of rubber rollers, was almost 
impossible to use in examination of bacterial slides. 
The optics k it a great deal to be desired ami had 
gross color delects, as well as marked aberrations, 
such that it was difficult to differentiate between 
cocci and short rods. A second modified stage with 
mechanical adjustment was passed in. and this was a 
marked improvement. It is recommended this type 
stage be im lmlcd with the flight equipment. 

After gram-staining, one was usually well Ixdmid 
the timeline, and then bad to proceed with collecting 
another handful of bottles and reagents for further 
identification of the organisms. The catalase reaction, 
for example, wa> never successful until near the end 
of the l 4 ‘sl when the peroxide was sirrtpfv poured over 
the material rather than allowing it to wick up 
through filter paper per c/I. This, of course, will not 
work in orbit. 

The hematology portion of the kit also presented 
many small problems. We wen* not notified that tin* 
dilution bottles and counting chamber were in fact 
not going to be used on Sky lab and many frustrating 
hours were spent in attempting to use these devices. 
!l was indeed a wise decision to delete them from 
Sky lah. 

The hemaglobiriometcr gave some trouble 
through the entanglement of the small steel cables 
ty ing the pici <■> of the chamber together. 

W right staining could never he satisfactorily done. 
It was fell that the use of the slides to manually 
smear the blood may have caused sonic trouble. 
Indeed it is hard to see an\ reason why a proposed 
simple plastit smear-spreading device cannot be incor- 
porated for Sky lab. After literally dozens of efforts 
tin* following conclusions were readied about the 
Wright staining procedures. Apparently some factor, 
probably atmospheric, causes disruption of the wliilt* 
cells and shrinkage, as shown by crenellation, of tin* 
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n (i cells in thin smears. Tin* existing red n ils Gained 
beautifully. In thick smears where there was inade- 
quate staining ol ihe red cells, the white cells would 
>tain beautifully, although there was some question a> 
lo the adequacy of staining eosinophils and basophils. 
This may have been another deled of the microscope 
optics. 

The urine-specific gravity relractomeler appeared 
to work well. There wa> difficulty with the urine 
collection hag in that apparently a portion had hern 
omitted. There is real doubt as to bow dean the catch 
will he using this arrangement. 

Operational Bioinstrumentation System 

The Operational Bioinsirumeulalion S> stem 
(OBS) was donned and used hy the crew during 
certain preplanned exercise periods. Instead ol using 
the constant wear garment (CVV(I), we used a belt 
designed and fabricated In the Johnson Space Center 
(>cw Systems Division. We believe the belt would he 
easier to place on a crewmember than would the 
(AV(i and recommend one should Im* carried on 
Sky lab for that purpose. The Sto?nascal tapes includ- 
ed in the OHS were superficially similar, but obvi- 
ously different, from those in the vectorcardiogram 
kit. These tapes caused irritation on one crewinctnlKT 
who had minimal irritation with the V(X* Stomaseal 
tapes. The OBS was not uncomfortable while exer- 
cising on the ergometer. 

During use ol the OHS there were two I’.KC. >ignal 
failures: an external recorder failed and the run was 
aborted. The second signal failure was caused by an 
electrode/skin contact problem. Ibis was solved by- 
electrode manipulation. The last few runs were made 
using paste squeezed Iroili a bottle whose top failed 
at least once. We feel the paste-soaked sponge is a 
better arrangement. 

Habitability /Crew Quarters 

The SMRAT chamber was quite livable for the 
56-day test. During the buildup of SMEAT, the crew 
requested a number of changes be made related 
directly U> habitability. These included making the 
upper deck available lor crew activities, adding two 
desks, and eontroling machinery noise in the cham- 
ber. All proved to be important. The desks on the 


upper deck gave u> a place to work undisturbed on a 
work surface that was of reasonable size and well 
illuminated. Ihe noise level was tolerable. 

The carbon monoxide monitor installed in the 
wardroom had been intolerable nois\ and attempt- to 
quirt it were onlv parliallv surressllll. Ihe noise it 
generated wa- irritating arid interbred with internal 
and external eommuniealion . 

The chamber was of adequate size to In* reason- 
ably comfortable, hut more room in a lew area- 
would have been welcomed. I he >i/,e ol (lie ward 
room was such that moving items in and out id tin 
transfer airlock was a chore, and it wa> nearly 
impossible for one crewmember to move around 
another who was scaled at the lood pedestal. I In 
Skylab wardroom is larger that the SMI'. A I ward- 
room and does not have the transfer lock, so this 
problem should not be present. Ihe waste manage- 
ment compartment was small, and this made it 
difficult lo change the urine system and clean around 
and under some ol the items. 

The lighting within the chamber was adequate lor 
normal activity, but inadequate lor any \er\ close 
work. Some of the tasks that required bright light 
could lie done at the second level desks w ith their 
desk lamps, hut other tasks did not lend themselves 
to being performed on the second deck. I here w as a 
portable lamp within the chamber, but it proved not 
to In- as portable as wr would have liked, lienee, 
there was often a deficiency ol light when c -lose work 
was being performed. 

We and the chamber staved cleaner than we hud 
expected, buL cleanliness required rather constant 
attention. 

The furnishings were rather spartan, hut were 
adequate lor the mission Ix-ing performed. The large 
amount of exposed metal made one think ol a ship 
and pmhahly added lo the noisy environment. All 
parts of the chamber received noise generated any- 
where in the chamber. 

Three S V1F, AT -peculiar items made the chamber 
more habitable. These were a television, a telephone. 
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and lawn chairs. I hr television was usr<l in ihr course 
work dial supplemented our Sky lab activities. hut it 
was also used rarh evening lor 4‘Mlertainmeiil . Gener- 
ally two crewmembers uatrhnl television one ami 
oik -hall lo two hours |mt day. We watched movies 
provided by the Navy motion picture service. I 'ii for- 
tunately the I requeue) of «imnl mm ns Irom this 
sourer was rare. 

Thr aeeess nr IumI to eoiniurrnal telephone 
system wa> also important iis it gave us an opportuni- 
ty to ki*<‘j> in touch with our families and friends. We 
limited these calls lo personal mailers and used the 
Normal communications loops lor >MK VI opera- 
tional communications. Problem- with this s\ stem are 
discussed in the dhanibvr Svsh'ws section. 

I he change in the rm ironment because of the 
atmosphere being 70 percent 1 1 , and .40 percent N,> 
at fi psi was pra< hcaflv uuNotieeahlc. i )nc loumf that 
speech seemed lo shill down in frequency , and noise 
in general was down a hit; hut we soon became 
unauan' oi these changes. It was almost impossible to 
whistle when we iirst entered the chamber, and a 
sneeze did not have rn*arl\ the force it did at I 1.7 psi 
Th ere was significantly more abdominal gas during 
tin* entire time at o psi. 

I he ehaitiber was eomlortahle at 00° l\ before 
the test. oik* ol the crew complained ol his h*el being 
cold 4)ii I he aluminum floor, hill (his was alleviated 
by shoes w ilfi heavier S4>les, I Iicm >hoes also made 
standing on lh<’ metal lloor Hindi more comfortable. 
We sehlom used tin* tan wlirn tin temperature was at 
00 I’ We had the subjective Iceliilg that the 0 psi 
atmosphere carried less heal away Irom tin- hod) 
than a normal atmosphrri’. I his meant a cooler 
temperature was more eomlortahle . The low humid- 
ity h’V4‘l 4)1 the 4‘hamtHT made piTspiration more 
cllcclive and halamed 1 1 »<’ capability of the atiuo- 
sphere lo carry a wav lieat during exercise . 

There was a period of approximately four days 
when the temperature was raised lo a maximum of 
77°F, and the humidity was allowed to rise to about 
60 percent. It wa" not as comfortable at tins tem- 
perature and humidity hut it certainly was livable. We 
found there was much more condensation in the 


chamber. We lell tin- heal more, particularly during 
evTcise, and clothes and towels lo4>k longer to dry. 
During tfiis pern id the Sky lab Ian was normally used 
during exercise. 

Lr*> clothing was worn during the high temp- 
erature peril h) . I Im* Si* 1 removed his shoes and socks. 
The ITT removed his undershirt and tin* legs of his 
Ir4nis4*r*; ami tin <|)ll removed his shirt and trouser 
legs. 

There wu- a habitability experiment, M487, that 
had questionnaires concerning habitability and some 
measuring instruments. The questionnaires wen* of 
two I onus tabular and discussion type. We found 

(hat lor many ol tin* more subjective item.* tin* 
tabular lorm ua- quite inadequate and really did not 
stimulate tin cn*w to identify wh) they fell tin* way 
tin*) did. I’he discussion items stimulated some 
conversation between tin* crew and appeared to bring 
out salient habitability features of tin* chamlier. 

The measurement instruments proved useful lo 
us. and w 4 * envision they will be useful in Sky lab. The 
packing of the instruments makes them difficult to 
gel itt and out of the drawer, and this may have 
contributed It) the failures of the 'meat type* 
thermometers . The digital thermometer was slow to 
respond, probably because ol the size 4)1 the probe. 
Tin accuracy ol this instrument is questionable, 
probably because ol lu*at transfer to tin 1 large 
hand-held probe. 

T003-Aerosol Analysis 

I bis is a Sky lab experiment designed lo look at 
particulate matter concentration ami size distribu- 
tion. We used the Sky lab protocol a> defined prior to 

SMIvAT. 

Hie aers4)l analysis unit is small and simple to us4*. 

1 lie only operational problem involved missing s4>ri»4* 
of the displayed numbers. Then* arc three M*ts 4>f 
numbers displayed sequentially alter a fixed time 
period. It is then the jn|> o! tin* crewman to log three 
numbers a.> they an* displayed. Then* were S4*veral 
occasions when something would happen to distract 
us Irom lh« instrument, and the readings would be 
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missed. If llii> happened we simply reinitiated the 
cycle. 1 1 was assumed this would no! have an adverse 
effect on tin- experimental data. 

'I'Ih 1 inslninu'iil displayed questionable (lata. I*ar- 
ticulale fount proceeded at some rrlativflv low 
number, and then lor no apparent reason it increased 
tremendously . I fie cycle eould be immediately re- 
initiated, and the numbers would return to what they 
normally read. We began to question the validity ol 
the data. There is no inflight provision lor cheeking 
this instrument. We tried eovering the intake port and 
diseovered the readings were still about tile same. 
When this was reported, the I 00. { device was passed 
out ol the chamber lor calibration and "a.> not 
returned. 

We recommend a check he made to determine il 
the device is working properly. Il possible sorin' 
means should I m * devised to cheek the device in Might. 

Chamber Systems 

The chamber sy stems, which were peculiar to this 
lest were, in general, excellent. 

We had some problems with the communication 
sy>tcrn in Irving to work out the proper gain settings 
such that there would be no feedback through the 
various intercom boxes, Fhe gain had to be increased 
when the chamber was at 5 psia to use tin* box 
mounted microphones. Most problems were worked 
out pretest. This i* probably worthy of consideration 
lor Skylab since the on orbit gain sittings will 
probably be different than for gn Hind test. 

] here was also sonic crosstalk on various channels 
of the comuumeialioii sy stem which was disconcert- 
ing at some times and irritating at others. Part ol our 
communication system was a telephone capability. 
The initial system was very poor and the part} 
outside eould rarely hear us. During the test this was 
changed to a hard wire system that was a great 
improvement over the old system, but the incoming 
volume was low lor oil site calls. Fhe concept ol the 
telephone i^ a good one and it proved to lie quite 
useful from the standpoint of work and 
entertainment. 


The environmental control system performed it> 
job salisfaelorilv throughout the test except that it 
was unable to control humidity at elevated tempera- 
tures. An irritant periodical!} appeared in the cham- 
ber air. This caused a scratchy throat, watery eyes, 
arid runny nose in two ol us. It was most nolieeable 
when working with the LiOll canisters, lienee, we 
connected il with them, but never actually deter- 
mined the specific cause. Some of the symptoms were 
quite similar to those individuals have experienced in 
orhil and attributed zero g. 

The gas monitors had to 1 m* calibrated twice a day 
and this produced the possibility ol false alarms 
because our alarms came oil the recorders rather than 
the transducers. This proved to be annoying. 

There never was an in-chamlicr lire alarm, lalse or 
otherwise, on tin* lire detector s\ stem. 

The lighting and electrical system performed well 
throughout the lest. The reading lumps flashed when 
they were off for no explained reason, hut this 
presented no real problem. 

The water system worked well. A decision was 
made prior to test start to reduce the iodine content 
from (> to 1 ppm. which improved the taste consider- 
ably. The waste management compartment water 
collection tank overflowed a lew limes and produced 
a foul, sii lluroiis odor. Ibis was cleaned up with no 
significant problems. I he drain I rum the sink into 
this lank was also stopped up, and we h it that some 
ohji •cl might have been lodged in the line. 

The odor removal lifters in the waste management 
compartment performed superbly. 

'Fhe entertainment system, which consisted ol 
television as well as AM and FM radio, worked well 
and was a tremendous asset to the chant her. 

Hygiene and Housekeeping 

The personal hygiene facilities within the cham- 
ber were insolar as possible*, similar to those in 
Sky lab. Included was a small test-peculiar sink ior 
wetting washcloth^, Skvlab personal hygiene kit 
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articles >urli as washcloths, soap, razor. clipper, and a 
show **r which I unr 1 k hi. ilk approximated tin Skylah 
>y slriii , including water « j uai 1 1 1 1 \ and temperature. 
Mol included in SMI 4 ! AT was I h« Skv lab washcloth 
squeezer. and Skv lali towels. 

ShtHt erin p. We Inmid llial llir personal hygiene 
facilities within tfir chamber were adequate to enable 
us lo Icel relatively ( Iran. \\ i alwavs looked forward 
lo dir weekly >llovver> and believe tl|c\ will l>e one of 
die tuns I welcome Skylah habitability leatun *s. The 
>ix pounds nl water was adequate lor a quick shower. 
Iml eerlamk should not lie decreased. Water tempera* 
ture was acceptable, but holler water was desirable. 
We did lr\ showering at the lushed lest tem perature 
available, IJo°!' , and found lln^ to be preferable. 
Skylab miranol soap in tin 1 shower proved adequate 
though the quantity was minimal 

I he setiq» and use o! the SMI , \T shower was 
smooth and the sprav nozzle worked well with the 
amount of water available. Tin SMI \T shower was 
drained hv gravity, and a pan o! shower water was 
passed out id die ehaiiibrr alter ejeli use. Drying of 
the shower was accomplished by wiping the base with 
a towel and allowing the sides to <!r\ in t hr setup 
position while we were having dinner. On a few 
oeeasions. tin* Skylab Ian was set up to blow air to 
dr\ tin* shower, hut with or without the Ian the 
shower appeared to adequateh drv in two or three 
hours. \t no time did we ever lind evidence ol am 
filth or growth in tin* shower, and at no time did we 
ever use hetaduir or an\ other preparation to clean 
the shower. 


Daily /Vr.sowW Cleansing!. Hie dav to-day per- 
soual hygiene procedures Used dll contents ol the 
Sk \ la b personal hygiene kit. These were aeeeptable 
but we believe the kit would lie more eHcctive j| eaeh 
individual could tailor d more to In'- needs. In one 
case the kit proved not lo have enough toothpaste, 
and there were unused items. 

Sky lah Neutragena soap wa> the only cleaning 
agent in the test and was adequate. We used about 
half the soap provided. 


We tried three different types ol washelotbs 
wbieh tiM hided llie Sk\ lah washelotbs, polv- 
henzamidizolr (PHI) washcloths, and a cotton-type 
procured especially lor SMI!\T. Of the three types 
supplied, the Sky lah and PHI washcloths were fell to 
he the I m* st and were about equally effective. The 
cotton washcloth had little body and was more like a 
dish cloth. W e used approximately one and one-half 
washcloths per man per day as opposed to the two 
washcloths pi-r day assigned on Skvlah. Since the 
washelotbs are usciul lor many applications besides 
personal hygiene, we recommend the* Skvlah quantity 
h»* kept the same*. 

Two «> I" > ol towels were supplied lor our use, 
PHI and cotton. We preferred the PHI since the 
cotton towels, like the cotton w asheloths. appe ared 
more like dish cloths than towels. There was one 
towel per man per day . and we used approximately 
six low els per week. 

I wo types ol razors were also supplied. One was a 
windup razor that was adequate for two of tin crew 
pre and pos i te>l . for the other crewman it [lulled 
consistently alt<*r two weeks use on a heavy Iteard. 

I he other was a standard salrtv razor that was used 
with a hriishlev shaving cream. 

I be procedure that developed among u> was to 
wash in tin morning and evening and, every dav or 
two, to take a body sponge bath alter our exercise 
periods. \t this time we would try to wash com- 
pletely using tin* small sink and washcloths. This was 
prohahk more convenient in SMF.AT than it will be 
on Sky lah due to the test-peculiar sink. This method 
ol cleansing was not as eilcetivc as taking a shower, 
but it did clean till much ol tin* perspiration 
generated hv exercise. During this period also, we 
changed any ol our clothes that could lie changed lor 
I lie [lay . It i> our recommendation that a personal 
hygiene period adequate lor rather complete washing 
he scheduled alter each exercise period 

A pair ol hair cutting scissors were provided for 
the chamber Maythat an* not included in the Skylab 
stowage list. \o extensive hair cutting w as done, hut 
we lound tie* scissor- a usciul item. 
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Housekeeping. Housekeeping procedures lor Un- 
chain her were developed by the crew (luring a 
mini bo r of pretest training exercises. Most ol the 
original procedures (tailed tor cleaning the chamber 
with wipes and Iwladine pads. Wipes were adequate, 
and we used washcloths and towels that had been 
used for personal hygiene, dried, and saved lor 
house (leaning. These washcloths and towels were 
used with the Skylah soap to clean floors and 
cabinets as required. 

Subjectively the chamber seemed dean. We had 
three major housekeeping periods ol approximately a 
half hour alter eaeli meal. The morning period was 
used to change the lithium hydroxide (CO 2 scrub 
Iwrs) canisters and to generally get the chamber ready 
for tin* day s activities. The afternoon period was the 
main housekeeping period ol the day, and at that 
time we did major tasks, such as washing floors and 
vacuuming. The compartments to Ik* cleaned and 
many of the items to he accomplished were indicated 
on the teleprinter timeline by an appropriate code. 

The floor was the most difficult item to keep 
dean. The waste management area floor required 
wiping 011 a daily basis since some water Irom 
condensation was often present. Also, test-peculiar 
shoe soles marked the floor badly. 

In cleaning the waste management compartment 
hctadinc pads wen! used on items such as the lecal 
collector seat, and urine cup holders hut were not 
generally used throughout the compartment. It would 
probably facilitate cleaning if some cleaning agent 
wen.' provided to clean surfaces such as walls and 
floors that would remove dirt and grease better than 
the personal hygiene soap or the hctadinc pads, l'lie 
last housekeeping period was in the evening. At that 
time, all trash and fecal cans were gathered together 
and sent out through the airlock and the chamber was 
checked for combustible materials that may have 
been left out from the day s activities. 

\ surprising amount of lint collected in tin* 
chamber. It appeared to come from the 
X-420 material from which clothes and bed linen 
were made. This lint gathered in comers, under 


hunks, and in other closed areas and was routinely 
collected and passed out of the chamber lor uualy sis. 

IJoth the Skvlab vacuum and tin* Apollo vacuum 
( leaner were available for our use. When the test 
started only tin* Skylah vacuum was in the ehamltcr: 
but this proved ineUcclivc, and the Apollo vacuum 
was requested. The Skylah vacuum did not have 
adequate power to pick up debris on the floor. In our 
experience , tin* Apollo cleaner was two or three times 
as effective in picking up things than was the Skylah 
cleaner. 

A disadvantage ol the Apollo (“leaner was that all 
items were sucked against a screen at the brush and 
had to be removed by hand and placed in a collection 
hag. Also, enough items apparently passed through 
the screen to ( log the vacuum ( leaner. This caused it 
to cease to function, and it had to he passed out of 
the chamber for cleaning. 

During the test, modifications were made ol the 
Skylah vacuum cleaner pick-up brush. These modili- 
cations made the vacuum slightly more el (relive, and 
we judged it minimally satisfactory . 

We wen* concerned about collecting liquid with 
the vacuum cleaner. We tried collecting a small 
amount of water with tin* Skylah vacuum and lopnd 
it deposited in the hose, and none of it was collected 
in the collection hag. II the liquid had been such if 1 a l 
it turned foul with time, tin* vacuum would have 
undoubtedly smelled terribly . For this reason we 
believe that water is tin* only liquid that can be 
picked up with the vacuum ('leaner, and water may 
more effectively be wiped up with a cloth. 

One particular problem encountered in the cham- 
ber was urine spills. These were cleaned with wash- 
cloths, towels, undershirts, and anything else that 
would absorb liquid. After the urine was absorbed the 
area was cleaned with hctadinc . To improve this 
cleaning procedure, gloves ol some sort should be 
included so that one's hands would not be exposed to 
the urine. 

Trash accumulation in the chamber was less than 
we had expected. We used one trash hag in the 
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wardroom lor both wet and dry trash: one trash hag 
in I hr waste management compartment: and out* large 
Irash hag in the experiment ari a. Irash hags were 
emptied each evening. The mtoiiiI trash bag in the 
wardroom was taped shut and never used, and the 
trash bags in tin* Jeep compartments and experiment 
a rea vverr seldom lin’d and stddom emptieti. The large 
trash bag in the rxperimetil an a collected most of the 
chamber trash and was e.^peeidlh handy lor large 
items sni h as clothing and hi d linen*. 

i'tssuvs anti U ipvs. Tissues and wipes were usi’d 
lor many purposes in the cIiuiiiImt. including house- 
keeping and personal hygiene. When the lest started 
\*r had approximately the immher ol tissues and 
wipes programmed lor a oh -day Sky lah mission. Alter 
less than two weeks of n* *. we realized that inade- 
quate num Ik- r- had hern stowed. Krom that time, we 
conserved wipes as mueh as possible and alerted 
I onlrol that we might run out ol wipes I w lore the 
test w as eoniplr tr. 

We iillimately ran out ol wipes on dav n2, and, 
th erclore. reeoinmemj one additional hox ol wipes he 
plaeed aboard Sky lah lor ea< h month a erew is 
aboard. Ibis represents a total o( live additional 
boxes, depending on the number of wipes in a box. 
The wipes originally included in >MI ; \T were differ- 
ent Irom (hose later passed in to u>. and the count 
per box dillered. With lewer than \ i Hi wipes per box, 
one additional hox per month would he insul indent. 
The six w ipes |mt day per man prov ided were often not 
adequate. More than six wipes per defecation were 
required due lo stool eonsislem \ . There were also 
multiple defecations on a single dav Tissues were 
list'd whenever they eouhl be substituted for a wipe. 
We reeommend the number of tissues he kept tile 
same. 

Inventory ol items sueh as tissues ami wipes 
caused some problem. To alleviate this, we surest 
Sky lah crews use tissues ami wipes Irom as lew boxes 
at a time as possible. One open wipe box in the 
wardroom and one in the waste management 
eompartment should he adequate. In this manner, as 
a hox is emptied there would he a good inventory 
point. 


Waste Collection 

As part ol the M070 series experiments we wen* 
required to rolled all hotly wastes during the pretest 
and posttest periods. I he pretest period ol collection 
began with a rather loosely defined plan, and the 
results that were reported to us indicated it was 
inadequate. During the test, the method of control of 
these items was improved, and the posttest 
eollerhous appear to have progressed more smoothly. 
During the posttest period a system of positive 
control was implemented: all eontamers were coded 
to prevent any mixing of samples. 

It was our experience that collecting samples was 
a rather alien and unpleasant task. It should be made 
as easy and umonl using &s possible. This was 
especially tell in the pretest period when we were 
expected to perform our normal ac tivities, including 
Hying ami a large number of other tasks in 
preparation lor the lest. It seemed that during the 
pretest period one had lo think of every action, 
however basic ami simple, because information re- 
lated to these actions were required for the test. 

I o make specimen collection easier while away 
Irom the normal work areas, a carrying ease was 
tlex eloped which would keep urine and water chilled. 
This was made available to us posttest as a result of 
our prete>l experience which pointed to the need for 
an inconspicuous, small, lightweight, easily carried 
ra>e. capable ol being llown aboard an aircraft. Four 
stations were available at the* Johnson Space ( enter 
equipped with refrigerators and specimen collection 
containers leu* our use. hut no pretest provisions were 
made lor nlt-sitr specimen collection. Our postte st 
experience indicato the carrying ease* is adequate, 
and xve recommend it lie available lor the >kvlab 
crews. 

Another procedure instituted posttest w a> a daily 
bricliiig on the waste s collected during tin* previous 
day. If all goes according to plan this briefing is 
superfluous, (tut it there arc* problems the briefing 
allows the subje c t' and the* experimenters to discuss 
what happened urn! Iiopcfullx resolve the problem. 
We recommend this he done for Skylab since* there 
are- hound to Ik* unexpected occurrences in the 
hundreds ot man da\ s of codec lion. 
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Skylab Urine Volume Measuring System 

A single complete Skylab Urine \ olume Mea- 
suring System (l VMS) was |>laee<l in SMI VI to he 
UM <I by the SIT to determine erew acceptability and 
timelines and to verily that tin* system worked 
properly . This was a prototype unit whirl* diilered in 
some ways Iron* the flight unit: lor example, it had a 
number of sharp eorners and a speeial eenlriluge 
outlet nipple to allow for l-g operation. An early 
version of urine bags and eollecliou hoses/lunnej 
assemblies were initially supplied lor use with the 
unit. 

Prior to SMKVl several problems were rncount- 
ered unhiding excessive eondensalion inside the 
drawer on the eold plates ami ill other eold areas, an 
ammoTiiaeal sleneh whenever the urine blower was 
o„, and failure of the test-peeuliar centrifuge output 
nipple. It was discovered pretest that with the door 
properly sealed the eondensalion on tin* cold plates 
erased to be a problem. Also it was discovered that 
the blower had a good deal of sound deadening 
material which bad absorbed odors. Removal of this 
soundproofing material and installation ol a new 
charcoal canister solved the odor problem. A new 
centrifuge with another test-peculiar outlet nipple 
was installed prior to lest start. There was some 
difficulty with urine regurgitation from the collection 
hose, apparently due to inadequate airflow. 

During the te>l the UVMS was used in the same 
fashion as planned on Skylab with the collection 
Imse/funnel assembly kept at the level of the centri- 
fuge. On scheduled days, all urinations were measured 
and 10 percent aliquots were removed from a mea- 
suring cylinder, pooled, and passed out separately to 
allow volume and chemical comparisons with the 
UVMS system. 

On many days, the SIT kept a record of each 
micturition volume by catching it in a volumetric 
cylinder and recording this. Also a crude check was 
made of each crewmember s daily urine volume by 
weight. 

One of the most significant problems, which was 
noted even before the chamber run began, was 
inadequate bag size fur a 24-hour pool The SIT and 


Pl/f exceeded the 2000 ml limit on occasions, and 
the CDR would typical!) produce approximately 
.4000 ml. 

Another major problem encountered wa> urine 
>pilk Even he fore (lit lest began then* was one large 
urine >pill when the previously mentioned eenlriluge 
outlet nipple separated. During the te>l on day>20R 
and 200, there were small spills apparently Iron* 
leakage at the outlet of the centrifuge. There were si\ 
major (approximately one liter or more) urine spills 
from tills system during the day le>t. < >n day 210 
there was a spill due to a repeat failure on the 
eenlriluge outlet nipple. On days 244, 240. 211. 2 >0, 
and 240 there were major spills due to laihires such as 
tears in the urine hags, I hie of these tailed hags was of 
flight configuration. The* 1 spills required a minimum 
of an hour to clean, and it was impossible to ever 
completely clean the unit and surrounding area. This 
resulted in a significant odor especially in tin- urine 
drawer ilsell . 

One of the major difficulties alter a spill was 
inadequate materials and procedures to dean it. I he 
UVMS drawer was filled with small items with sharp 
corners and bends. This not only held the urine but 
made any attempt to clean it a hazardous job. I In 
centrifuge had to be removed us the initial step. Ibis 
and subsequent cleaning usually resulted in nicked 
hands from surfaces coaled with urine. 

The UVMS cleaning tool proved to be of little 
use. We tried two versions in the chamber, neither ol 
which was adequate. Tor proper cleaning one always 
went back to using washcloths, towels, undershirts, 
and the like, held directly in the hand. Another useful 
item was the "mechanical lingers in the tool kit. 
These served the purpose lor which the cleaning tool 
seemed to In* intended, i.e. for cleaning hard to reach 
areas. 

Another significant problem encountered was the 
inability to obtain a proper sample Iroiri the system. 
Most of the sample bags bad not been properly 
evacuated. Hence, when the chandler pressure was 
reduced, they exploded. It was then necessary for the 
SIT to evacuate and refold most of the sample hags 
prior to using. These bags would never I ill properly in 
the compartment made to hold them. If they w< r< 
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removed from the compartment. llu \ tended to 
ov rrl ill which might cause problems in the refrigera- 
tor Ira) . 

Then ■ was a problem with low airflow ({trough 
dll’ roller lion hose \v itfi (hr first two centrifuges. 
rhi> caused pooling of urine in (hr colic* lion hose 
willi spillage. Tlir third centrifuge had adequate 
airflow , and spdlagr front (hr collection hose funnel 
was markedly reduced. 

In an effort lo investigate this airflow problem a 
llownietrr was passed into tin < hander. This meter 
indiralrd extremely low How values. Mow was later 
correctly measured hv means of a ( iollins spirometer 
v\ had hrrn passed in lor respiratory studies. The 
flow on (hr last centrifuge used. post day 2d5, was 
a|i|>ro\ mutely !t.» pm i'Dl <>l specification, which was 
adequate. 

\n attempt was made to change (hr centrifuge 
lillrr on day 2-k>. 1 1 wa> impossible (o vitaiiually 
rcinoM* (hr filter avrml>|\ from llir centrifuge. Tin* 
lood overran lid removal tool wa> "lashed up” to 
remove the filler. Some type id appropriate tool 
should hr considered lor Sky lah to accomplish this 
t as k . 

On the day following the filter replacement (he 
unit began to drag, apparently because of interference 
Im’Iw een the filler assembly and the rase. Subsequent 
investigation proved the Idler had not hern properly 
latched in place. Apparently H) 1 1 > fO pounds of 
ihumh pressure is required to seal the tiller, and this 
is not praelical. Some praelieal means ol installing a 
tiller should lie devised along with a means of 
< lin king its proper installation. 

Fach investigation of the several centrifuges re 
vealed while “growths” which appeared to be some 
rapidly evolving corrosion. This alwa\> occurred 
along the hreaklines of the unit. On the unit in which 
the lillrr was replaced, the interior was rather loul 
and discolored, i here was also some apparent corro- 
sion. 

Another recurring problem with the system was 
obviously poor quality control on the collection 


hose/ funnel assemblies. It was almost impossible (o 
attach the nun flight version wc had at the beginning 
ol the test most oi the time, and completely 
impossible in approximately 10 percent of the can s. 
The llight-type collection hose/ funnel assemblies also 
had quality control problems. It wa-* virtually impos* 
sible to tak»‘ some of these assemblies off the 
cenlriluge inlet, and others would separate at tile 
nozzle/hose level. 

Also th e recirculation port on the hoses was often 
not perforated. I.aek ol recirculation was a continu- 
ing problem. Frequently the cause could not he 
lound. although the plugged port was often the 
problem. 

I be volume determination readout began to hang 
up approximate!) halfway through the test. On tin 
instruction ol appropriate engineers the linkage was 
examined, and the follower arm appeared to Im- free. 
It appeared the meter itself or possibly the flex shall 
from the meter to the lollovver was hanging. 

One relatively minor problem was the tendency 
ol the plastic in the urine receiver funnel to retain (lie 
creases where it was folded. These creases would 
retain sizable amounts of urine such that the funnel 
was aiway s dirty and messy to lob) and slow. 

The spring < lips which were to hold the cover 
over the folded funnel frequently came off. Then* 
were small springs on the inlet hoot of the flight urine 
hags. These would also come off. While this wa- no 
great problem to us it would be in >k\ lah in 
weigh llessness. 

I he drawer latch was workable throughout the 
test, hut it was always a source of irritation. 

C onsiderable fiddling was required to insure that it 
worked. The latch for the recirculation hose door was 
very diflicult to work it required high pressures and 
a little sleight of ham! to close. 

\ great ileal ol time was spent on the SMI. AT 
I VMS due to tlie large number of problems encoun- 
tered. It was obvious that at least one hour per day 
should he planned to handle the system if improve- 
ments are not cJIccted. Hopefully, the Sky lah sy stem 
will have fewer problems and require less time. 
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Condensation Irom tin 1 cooling lines leading In 
tin- cold plates was a continuin'* problem. Such large 
accumulations ol water could prove to be a signifi- 
cant problem on Skylah considering ibe proximity ol 
eleclrical lines and eonneclors. 

This system should not be seriously considered 
lor Skylab in its present slate. It is time consuming 
and a nuisance to use. It lias inadequate capacity and 
poses a potential health hazard. Furthermore, it will 
not provide the required measurement and sampling 
functions. 

The Skylah Contingency Urine System was used 
near the end ol the test lor a period ol live days. Ibis 
lest was originally scheduled for ten days, hut was 
reduced bv a shortage of tile latest configuration of 
urine bladders. This system consists ol a mil assem- 
bly which mates to the recirculation line of the urine 
bladder. Urination is performed directly through this 
line and mixing is done by hand 

Many operational problems were also encoun- 
tered with the contingency system. They were as 
follows: 

1. As with the primary system, the capacity was 
inadequate and two bladders were required each day. 

2 . Then 1 was excessive hack pressure on the 
system with about 75 percent of tin voids. The 
amount and cause seemed to vary. One major cause 
was test-peculiar in that the pressure plate would not 
stay r in the lull release position. However, removing 
the bladder from beneath the pressure plate did not 
solve the problem. Some pressure, enough to cause 
the cuff to bulge significantly, seems to he flow -re- 
lated. The hack pressure also was independent ol 
height above the bladder. 

.1 One old style bladder leaked in the vicinity of 
the bond to the plate. A sw itch was made to the new 
bladders when this occurred. There were no leaks 
with the new style bladders. 

4. Several cuff assemblies had small leaks. This 
combined with the back pressure problem produced a 
sizable stream of urine. 

5. Sampling was totally unsuccessful. The recir- 
culation hose pulled out of tile sample hag several 


times and resulted in urine being sprayed about the 
waste management eompartment. Neither the pres- 
sure plate nor hand pressure was adequate to I ill Un- 
sample hags, (iravity was normally relied upon, and, 
even then, a sizeable amount of air got into the bag. 
Another technique that worked, but still bad the air 
problem, was to use the roller to pump urine into the 
sample container. 

(>. The roller assembly lias a latch that makes it 
difficult to release when it is on the lion-. This 
becomes a two-handed operation. I lie latch should In- 
capable ol being released with one hand. 

7. The large number of operations required to 
use this system insures that something will Im- done 
wrong when it is used in the early morning hours by a 
sleepy crewman. 

The numlnr and magnitude of the problems 
associated with the urine system make il misalislae- 
tory for use. bladder size must he increased to handle 
24-hour urine pools. Hack’ pressure must he reduced 
for medical and corn fori reasons. II experiment data 
is to lie obtained the sampling problems need to he 
corrected. 

Fecal Collection System 

The SMFAT fecal collection system consisted ol a 
fixture that originally had been scheduled to My on 
an Apollo flight and the Skylah leeal collection hags. 
The SMFAT chamber was equipped with a refrig- 
erator for the stowage ol the leeal samples; these 
were not processed as they will he on Skylab. Instead, 
the samples were passed through the airlock each 
evening. 

The leeal collection system used the same princi- 
ples as tin* Sky lah system and was representative ol it. 
In the I -g environment the system worked well, and 
the filters effectively eliminated odors. In zero g, 
however, then- may be one problem. When 
consuming the Skylah diet the stool is not well 
formed, and, in the absence ol gravity, this may 
create a separation problem. 

The Sk vial* fecal collection bags worked well 
except for the complicated closing procedure. This 
procedure is accomplished by stripping off some tape. 
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exposing slick) surfaces, and lln-n folding and scaling 
llic bug. As a result ol the closure problems, we were 
inslrueled to throw the tape away an<l not do the 
complicated lolil. We agree completely with the 
revised procedures atid recommend them lor Sh> lab 

The lime required for defecation averaged about 
lo minutes with the stem we had. This iueluded tin 
weighing ol the sample and placing a new hag in the 
li\ lure. We strong!) recommend lhat the system he 
configured so (fiat a hay is in place at the etui of each 
use lo eliminate delays il use of the feeal collector is 
required on shorl notice. 

Carbon Monoxide Monitor 

This instrument, a state-of tile-art spectro- 
lourouuicr, w as evaluated for possible Skylali use. It 
was permanently mounted to eontinuoiisK measure 
atmospheric carbon monoxide ami provide a visible 
and audible alarm il the reading exceeded a value of 
I < microgranis per cubic meter. 

When the unit was operated during training it 
produced an intolerable noise. It was returned to the 
manufacturer to cure tin* noise problem and was 
passed into us during the test. We found the noise had 
been reduced to a tolerable level, hut il interfered 
with speech, I nfortun atelv , the device was located in 
the wardroom when* we tended to leather lor 
nice tinn> and conference calls \t such times it had to 
lie turned oil in order lo hear If this device is flown 
on Skylah, attempts should he made to make it 
quieter il feasible, and it should he located in an area 
ol the vehicle where the crew would not normally be 
working. 

We (mind that interpretation of the readings 
(which were usually negative) was not operationally 
satisfactory . I here was no wav to cheek the unit lo 
verily lhat readings were correct. Tile test switch only 
checked a portion of the electronics. Some wav of 
checking the instrument or verifying unusual readings 
is required helore laith can be placed in its 
indications. Our unit failed completely during the test 
and was passed out of the chamber ami not returned. 

Carbon Dioxide Monitor 

The carbon dioxide monitor was a small, 


portable, battery-powered device that was being 
tested lor tin Sky lah Program to provide carbon 
dioxide levels and ambient and dewpoint 
temperature?.. I lie carbon dioxide scale is logarithmic, 
and we found it difficult to read with an\ degree of 
aeeurae\ . 

During the initial portion of the test, the device 
was giving carbon dioxide indications of 
» to H mm llg when the actual w a> approximately 
■ ) mm Hg. It was passed out ol the chamber lor 
calibration. The indications agreed with the chamber 
instrumentation with reading limits. 

I he response time of the unit lor carbon dioxide 
indications uu> supposed to he two minutes, hut 
observation ol the device when it was parsed into the 
chamber indicated this to he greater than five. This 
makes it operationally difficult to make a scan of the 
vehicle with the instrument. 

I he ambient temperature indication was two to 
three degrees above that indicated b\ el tain her 
instrumentation. The dewpoint temperature resulted 
in a relative humiditv value that agreed with chamber 
instrumentation . 

I hr only means of clu cking this instrument was 
by comparison with other instrumentation. This 
other instrumentation is available on Sky tab as a part 
ol the environmental control s\slem. We never 
developed any faith in the carbon dioxide monitor 
ami doubt the value ol Hying it on Skylah. 

Food 

Dur introduction lo Skylah foods began many 
mouths before SMfvA I , We sampled and rated 
individual items, and this served as one eriterioii lor 
our menu selections. Although dieticians spoke of 
formulating diets in view of typical individual food 
intakes, and some crewmembers kept detailed records 
for this purpose, no use was ever made ol such data. 
The preparation of the SMKAT menus was not just a 
selection ol loods since the daily menu had to .satisfy 
very tight constraints on calories, protein, and live 
minerals. \> a result, we had to revamp the menus 
numerous times before they were satisfactory to two 
crewmen and met the constraints of the experiments. 
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The dirts urn* not modified in face ol marked weight 
losses ( 2 1/2 pounds and 4 pounds) by onr crew - 
member during l wo weekly trials periods. In the ran* 
of tins crew member, a mriiu satisfactory to luni 
never realized, and hr rnlrrrd tin pretest period w ith 
what In* ronsidrrrd an inadequate menu but tlir brsl 
hr rould obtain. 

Menu selection became increasingly mon* dilfiruil 
as Ihr amount of food became larger, since thr 
cTcnrral roil strain ts rrmainrd thr samr no inallrr what 
thr size of tin* din An individual with 2T00 calorics 
in Ins dirt has a murh rasirr task in mrmi srlrrtion 
than onr with 4200 calorirs in his diet. I ood 
selection was further complicated by tin* absence ol 
many of the actual food items during testing sessions. 
Some of tin items found unacceptable were improved 
during manufacture such that they would have been 
acceptable. The converse was also true. Although 
70 plus items wore said to be available, only a 
fraction of this number was actually available when 
mineral and other constraints were imposed. 

We began to cat Sky lab food exclusively 2H day s 
before thr lest began. During that period the weights 
of two of the crewmembers remained essentially 
constant, and the third crewmember lost approxi- 
mately 4 1/2 pound. This was considered acceptable 
by the experimenters, and the test was begun with 
these menus. 

During the pretest and posltrsl periods diets were 
altered to a very limited extent by the substitution ot 
a number ol items for the Sky lab food. 1 ht.se 
included items such as baked potatoes, lettuce, 
tomatoes, cokes, salad dressing, and chocolate ice 
cream. The inclusion ol these items made the diet 
much more acceptable since they were a welcome 
change trom the Skvlab food. 

Generally, the pretest breakfasts and lunches were 
consumed in the l unar Receiving Laboratory and 
were prepared for us there. These eating facilities 
were very basie. A table was set up in the middle of 
an office, and the kitchen was used by many of the 
people in the building lor a general kitchen. Ibis 
surprised us since serious thought had been given to 
having us live away from our homes in a health 
stabilization plan designed to minimize our exposure 


to sickness. In addition, we believe as do mmiic 
restaurant owners, that dining surrounding- alfeet 
how one thinks of the food being consumed. I ver\ 
effort should be made to make the unenjoy able 
experience of eating a completely controlled diet as 
pleasant as possible. 

The dinner meal and all weekend meals and all 
tin* water to be drunk were delivered to our homes 
where a refrigerator was kept lor their stowage. I here 
wen* three additional stations at the Johnson Spare 
( enter where controlled water was kept lor our 
consu mption. 

[inlike tin* Skvlab Drhital Workshop, tin* SMI. A I 
chamber did not provide sufficient room to stow the 
entire Todays of food. We started with five hales of 
food in the chamber and then were resupplied with 
food to keep approximately lour hales ol lood in the 
chamber. A hale did not provide adequate spare to 
contain all the leverage overruns that were in our 
six-day diets, and there was always some mixing ol 
menu cycles within at least one of the food hales \ 
system of color codings was adopted lor each six-day 
eyrie's overcans, in our opinion, this system was 
much easier to use than a eom plicated numbering 
system. The beverage trays in the pantry were 
inadequately large for a six-day cycle, so they had to 
be restocked every two to three days. Three lockers 
set aside for stowing the empty overruns were 
inadequate for tin* number ol overcans in our six-day 
diet. 

Lood preparation within the chamber wa> done 
on a Skvlab food pedestal which worked well. I lu 
concept of having individual dishes reconstituted and 
heated in the heating tray appeared satisfactory. U 
was necessary to lubricate the reconstitution water 
selector to prevent binding. 

The lime required to prepare a meal, consume it, 
clean up, and then make initial preparations for the 
next meal took about 40 minutes. At the eompletiou 
of a meal, we got out the items that were to lx 
prepared for the next meal. II tile items were to be 
heated, they were placed in the trays and the timers 
set to automatically turn them on; it they were to be 
chilled, they were plaeed in the refrigerator. 
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Oni class ol food items 1 1 1 at created a problem 
uus the reconstituted fomD that required |.'»or 
20 minutes rrcon>tit utiini (one lor good taste. We 
nrrr informed not to reconstitute these items at the 
previous meal to prevent bacterial growth. arul 
reconstituting thrill ill (hr l i II It ol Oh meal did not 
«tivr adequate limr lor reh\ dralion . The problem was 
oltrn overcome by onr ol ns rrmiistilu ting thrsr 
Itrrn> I a or 20 minute- prior to a mral it timr could 
lie taken Ironi the prrlorntanrr of another scheduled 
ta>k. foods Here reconstituted with the amounts ol 
naler called out on the menu. This did not always 
ajjiee with value- printed on (lie cans and resulted in 
coni Msion. 

In lood preparation a number ol containers 
iailed. I hex* included the following; 

I . \ ulve> on the beverage containers, especially 

tbos<- on the col lee and *rrapc <J rin k contain' 
er>, leaked. |\ac|| time a coffee was to be 
reconstituted, a tissue wa> wrapped around 
the val\e to limit tin spill that otherwise 
would result. 

— • drains on a iiiimher ol the bag- tailed during 
the reconstitution. This was especially 
troublesome when a bag was kneaded lor 
mixing. 

• h Membranes on frozen lood items tailed when 
die items were healed. We tried heating the 
lood a number ol different wav > to minimize 
the mess that would result when a membrane 
failed, hut none helped. Procedures called lor 
the lids ol the cans lo he removed Indore 
heating hut opening frozen items often 
resulted m the ial»s breaking rto ) u irr i lid 
removal with a screwdriver. 1 1 the lid was 
removed before healing. the membrane 
usually split during heating, and am liquid in 
die can would get into the ira\ wi lls and on 
the tray lid. 1 fpening the lids ami puncturing 
the iiiemhrane tie I ore heating usually resulted 
in the same spill- during heating. The third 
method was to leave the hd on and open the 
lid only alter healing This often resulted in 
the membrane tailing when the lid was 
opened, hut one could catch tin liquid with a 
tissue and minimize (he mess. We recommend 
removing lids alter healing. 


T A lew valves were missing from beverage 
containers. 

•>. A lew beverage containers were empty. 

h. Some beverage containers were missing 
< brings. 

1 A lew items, particularly soups, were ver\ 
dillieult l<, reconstitute to a smooth consi*- 
tem‘\ . 

d Some foods, such Us filets, eontained a lot of 
thin liquids which might prove to he a 
problem in zero g. 

d. Il an item Iailed lo be opened by the lab. die 
use <d the can opener resulted in the rim of 
ill'* ra<l brine eii t oil (ravine a dangerously 
sharp edge. \\ ( - recommend using a screw- 
driver to remove the tear hark lid. 

I he laste ol the food was Inferable over the 
period of the tot. One crewmember had difficult* 
with tlie diet si nee he was being led large quantities 
ol candies and cookies lo try to maintain his weight 
without changing the core diet. This continuing loss 
ol weight in one crewmember arid tin* inability of the 
system lo cope with the problem was our major 
concern with the food system. During the pretest 
period this crew member lost , r ) pounds, and no 
change was made in the diet. During the test lie lost 
d 1/4 pounds, and no change was made in the basic 
diet except lor the addition of almost pure car Ik >hv 
drate items. During the po-ltest period, the basic diet 
was maintained until the total weight loss was 
1 ( i pounds. \l that time he was allowed to choose 
and eat additional items from the Sky lab food list 
and his loss ol weight was am. -ted. 

1 he weight ol two i rewmeinhers remained csm'ii- 
I ially constant during the test while that of the third 
decreased significant]* . 

All three ol the crewmembers exercised at a level 
they fell was roughly equivalent to (heir activity 
during the pretest menu consumption period. 

I he problems encountered w ith the mechanical 
failures and the problems with the diet indicate to u> 
that more flexibility is required within the food 
system. Certainly, spares should be available inflight 
to cover contingencies such as a lood item disagreeing 
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with an astronaut; lood package failure; astronaut 
weight gain or loss, or an illness that prevents an 
astronaut from eating the prescribed diet. Also a 
method of easily accessing these spares lor particular 
lood items should he developed. 

We ate al) of our foods w ith the exception of the 
pea soup and lemon drops. IVa soup was eliminated 
from one crewmans diet, because ol significant 
production ol abdominal gas, nausea, and diarrhea. 
Potato soup and biscuits were substituted in its place. 
The lemon drops became intolerable to one member 
in tile face of the large amount of carbohydrates lie 
was consuming. 

Pea soup produced gas that olten resulted in 
abdominal pain. We, therejore, recommend it not lie 
included in Sky lab diets. We generally had more 
abdominal gas on the Skylahdiet than on our normal 
diets, and we all had significantly more abdominal gas 
in the chamber than in a sea level atmosphere. We 
adjusted somewhat to the abdominal gas in that alter 
a lew weeks in the chamber it seemed to pass easily , 
but we all had significant gas throughout the test. 

The diet produced stools that were soil and not 
well formed. This, of course, can he expected to add 
to what is already a difficult waste management 
problem. 

Accounting required to keep track of the lood 
and water intakes was rather minimal since all these 
matters were fairly well organized. Color coding and 
hold markings on the lood packages indicating tin 
dav and the crew mem Iw r lor whom the item was 
intended were a help since they kept the items from 
being mixed inadvertently 

One polyethylene glycol pill was required before 
each meal for each crewmember. These were stored in 
cans in a cabinet in the wardroom, and it was very 
difficult to determine if the proper number had been 
consumed. If the pills are required on Skylab, they 
should he packaged so that the pills for any meal are 
uniquely identifiable and located. Such a method as 
placing the pills on a card with all the pills for a meal 
together is highly recommended. Color coding should 
be used to differentiate mineral pills and 
polyethylene glycol [dlls b\ type. The pills we look in 


the greatest number were the polyethylene glycol 
pills. We recommended that these pills be deleted lor 
the Skylab mission considering their nuisance value. 

Mating utensils eonsisled ol a small kmle. fork, 
and spoon that are magnetized to stay on the Sk\ lab 
tray. These were found to be too small. We Used the 
Apollo Command Module spoon. I hi> spoon is not 
magnetized and should be made so il it is t<> be Used 
in Skylab. 

The reconstitution bags were opened with the 
Sky lab knife. Tops were also removed I mm tin 
beverage container with the kmle, Ibis wa^ dill null 
to do without an occasional slip, and each o! us stin k 
liinisell a hall dozen or more times with the kmle 
over the course of the lest. 

I tensils, trays, and the lood pedestal were satis- 
factorily cleaned with a wet wipe. 

Trash generated bv the lood was stored in the 
food overcans and passed out through the airlock. 
Many small pieces of trash were generated at each 
meal, including lood can lids, the lops to beverage 
containers, pill wrappings, salt packages, napkins, and 
wet w ipes. The trash receptacle was conveniently close 
to only one person, and all the small trash had to be 
passed to him for disposal. A small trash bag 
convenient to the other two crewmembers would 
have saved much trash handling. 

A Skylab "can crusher" furnished by the Marshall 
Space Flight Center was mounted on the second deck 
of the chamber. This was to be used in i light to 
compress food cans to reduce trash volume in the 
event of a trash lock failure. We used the "can 
crusher ” for one six-day menu cycle lor disposing ol 
alt food cans. The operational mode in which the 
trash was to be handled in the event of a trash look 
failure was rather sketchy, so we made a lew basic 
assumptions and proceeded from there. 

The assumptions were: (I) that all wet food trash 
was to he compressed as much as possible and placed 
in the freezer to prevent spoilage. Wei trash was 
anything that might spoil, such as beverages, frozen 
items, thermostabilized items, and rehy dralable hags, 
and (2) that all dry food trash was to be compressed, 
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ImiI not mixed with tin* wet Irakli, to save overruns 
lor oilier trash such as tissues. wipes, towels. etc. 

Sinrr freezer span m S\IK\T was limited, 

normally \vr 1 ami dry loot] trash were passed from 
tin* chamber when an overran was lull. \o attempt 
was made to store other trash items in oven an>. 

Our mode ol operation lor *V«» crusher ntili/a 
lion w a>: 

I. I hr pantry waste lood ana was divided as 
follows: 

a. One small overran with mnerliner lor 
small wet food rails. 

h. One small overran without mnerliner lor 
beverage container*. 

e. I )ne small overran with intierliuer lor 
small dry rails. 

<1. One lur^n- overran with mm rlnier lor lar^e 
wet food rails. 

e. One larjir overran without iimerlitier lor 
reconstitution loud bu<i>. 

I, One hirer overran with mnerliner lor larer 
dry lood rails. 

2. Itrvrraee eontaiiier> and rerori'titiilion ha«is 
were simply shilled into tin appropriate 
overeaiis whir!) were rapped when they were 
lull Tin si- mil'll | he Iro/.en on Skvlah: how 
ever, we normally passed them from tin* 
eliamher. 

d. Dry and wet. lar^r and small rails were placed 
in the appropriate overeaiis with the inner- 
liners, so they could he rjsilv retrieved lor 
crushing. A tissue was placed in wet cans 
when visible liquid wa> present. The necessity 
lor this was proved hy a rather messv spill ol 
tomato juice. 

4. The rails were crushed approximately oner a 
day doin'* first tin dry cans and then the vvel 
ones. Two separate laree and two small 
overeaiis were required to hold the appropri- 
ate crushed cans until an overeat! was filled 
ami was passed Irom the chamber. A rather 
lar^e mess usually resulted Irom crushing tin- 
wet cans, ami we used a towel to ealeli 
droppings and to dean tin crusher afterwards. 


A lood utensil wet wipe was normally used to 
complete \ leaning. 

f). It was speculated that it mi^lit not be 
necessary to Ireeze tfie \ve| trash. This was 
investigated by keeping three overeaiis ol wet 
trash in the ( ham her. There was one beverage 
overran and one each of small and large wet 
overeaiis. | hen* overeaiis were scaled li<ihll\ 
using tin- overran ran opening tools. 

Tin findings from SMK AT exercising (hr Sky lab 
ran crusher an 

I additional period of ‘approx imutely to to 

f)0 minute- was required eaeli day to allow for 
handling the trash alter meals and crushing 
tile rails. 

J. I h<- operational division n{ trash used worked 
satisfactorily 

d. I issues were required to handle any existing 
liquid in wet rails. 

4. Hu mechanical action of the can crusher 
worked satisfactorily. 

o. I here w a> usually a good sized mess on and 
around the crusher alter crushing wet cans. 
Tins wa> somewhat difficult to clean. 

b. I he lood consumed during this six-day cycle 
came in I "> laree ov ereaiis and ,41 small 
overeaiis. Ibis resulted in the follow in** trash : 
m ven large wet overearis; one large dry 
overran. lilleen small wet overeaiis (two 
r u n s/ thirteen beverage): one small dr\ 

overran. 

Keeom nn-mla hnn- from this exercise are: 

I Have knowledgeable people examine the wet 
b»od trash overeaiis left in tin- chamber to 
determine if this method of trash stowage 
rather than freezing is satisfactory lor Sky lab. 

2. Modify tin ran crusher " to allow lor easier 
cleanin'*. This should include the follow in**: 

a. Make the four fasteners that hold the unit 
to the base ol the hand release-type to 
allow the lop to he removed load at the 
messy area beneath tin* plunder. 

b. (.over the hole in the center of the base to 
prevent food waste Irorn escaping below 
the grid. 
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r. Radius til* * interior of the can depression- 
in ll »« * I kim* such that lood particles can In 
» * Li ^ i I \ w i|M(J nut. 

Clothing 

The clothing supplied lor the SlYllvAT test wu> the 
same type as planned lor Skylah, hut in our types of 
materials These materials were 42C , \420, 

Durette 400, and poly he/arnedi/ole (PHI). The pre 
s<‘?itly planned material for Skylah is Durette 400. We 
preferred the 42(» material, hut found all tin material 
aeeeptahle and subjectively very similar. 

Ihf* clothing u&s comfortable and adequate for 
the M.MKA1 test. One erewmemher developed a 
problem with lit heeause he lost almost twenty 
pounds during the test. During the test we noticed a 
significant amount ol lint in the chamber which 
required frequent vacuuming. The material that was 
vacuumed was passed out ol the chamber for analysis 
which showed most ol the hnt to he generated by 
\ 420 cloth. (lie clothing was sturdy enough lor the 
test. Only one rip occurred in all the clothing items 
that were worn. Tile knees of one of the crew mem- 
ber s trousers ripped alter the two weeks of wear. 

1 he suggestions we have concern the selection of 
clothing items more than the type or fit. We used the 
jackets provided on only a lew occasions, and for the 
SMI. A 1 lest lour jackets were certainly too many. 
Two ol the crew used a clothing module with only 
two sets ol trousers which was inadequate for the 
28-day [period. Normally the trousers were worn until 
a change, and then the) were used lor exercise until 
the next change. \\ ith only two sets ol trousers lor 
28 days it meant the trousers were worn for two 
weeks and were used as an exercise garment lor two 
more* weeks. Two ol the SMFvAi crew never wore 
undershirts during tin* test and those items were used 
lor cleaning rags. II any additional items can be 
included in the clothing selection, we recommend 
including additional socks and shorts. 

I lu trousers have legs that are attached by 
zippers and can he removed or put hack on. We lound 
this to he a very desirable feature. It provided a great 
deal of flexibility for hot cycles in the chamber and 
made the trousers better exercise garments. 


The modules are not labeled adequately to enable 
a erewmemher to keep traek of what fresh clothing 
remains. A checklist ol some sort should Im provided 
on tin* module so the crewman ran check off the 
items lie has used and know what remains. 

I lie >hors provided lor SMI] AT required replace- 
ment during the lr>l sirin’ the >ole> separated from 
the shoes. The replacement shoes wen belter, hilt h\ 
the end oj the lest the soles on those shoes were also 
separating from the shoes, lliese soles were | g pecu- 
liar and are not applicable to the flight item. 

Sleep Restraint 

i Ih Sky lab sleep restraint was used dunn ir 
SIMIvA I by the (J)R lor the entire oh day >. Provi- 
sions were made to allow lor gravity b\ laying the 
sleep restraint horizontally on a hunk over a thin 
mattress. Ibis deeping hag type arrangement was 
comfortable, and having the material of the restraint 
next to the skin caused no discomfort or irritation. 

I he Sky lah linen ehangeoiil cycle was used. 

Temperature in the chamber was normally main- 
tained at f>U°K At this temperature, only tin bottom 
blanket was used and, w ith no other sleeping apparel, 
this proved to he thermal]) quite comfortable. I or 
five days the temperature was elevated to 77°F 
requiring removal of the bottom blanket. The sleep 
restraint was versatile enough to handle the thermal 
excursions experienced in SMITAT and should he 
adequate for Skylah. 

I he restraint straps were used for a period of 
one week to evaluate them for comfort No signifi- 
rant problem was noted with these items. There is 
some type of still' materia! sewn into the si; straps on 
one end which was positioned over the body when 
the straps were snugged down. This caused some 
minor discomfort. 1 he straps should be readjusted to 
position the ends off to one side, or the stiff material 
should he cushioned. 

The neck hole on the comfort restraint used to 
enter and exit the unit was so small that it was 
difficult to do so. This was especially so at the 
beginning of a two-week cycle on a comfort restraint 
before the neckhole stretched. We would recommend 
evaluation of the size of the neck hole by one of the 
larger Skylah crewmembers. 
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Tool Kit 

We did not have a Sky la l» loo I kit. hut we had a 
kit madr ii|» with items to functionally represent 
most of thr Sk\ lah tools. In addition, wr had a 
separate I « >ol kit with tools necessary h>r rhamhrr 
peculiar items. 

Wr found tin Lryotox luhriraut to hr vrry useful. 
It nsnl extensively on itriih that began to him! 
during thr lot >urh a?* thr food pedestal water valves 
ami tin SIR dovetail interlace. \V e rarli carried thr 
pocket knives provided on our prison. these were 
used many linns each da> lor purposes as divrrsr as 
opening load rails with ring lailurr to disassembling 
thr Sky lah Lrine Systrm. The tool kit srrms wrll 
equipped. 

Tlirrr wrrr timrs when a volt ohm meter would 
havr hrrii handy to rhrrk out possi bte electric al 
problems such as isolation proltlrtm on thr VL(i and 
a loadin*! problem on thr Sky lah urine centriluge. 

Wr also had to tiav r tutting passed in to make an 
adapter lor a special M 1 7 1 lest \ srlrrlioii of various 
sized tubing would have proved tisrhil. 

Thr mission could not have hern completed 
without tape provided ill the kit. It should be assured 
that Sky htli lias adequate quantities. 

The "mechanical lingers'' device was used as the 
l! VMS cleaning tool of choice. 


Cameras 

Flight type camera equipment wa^ provided in 
the chamber lor documentation purposes, this in- 
cluded a do mm NIKON camera, a If) mm data 
acquisition camera (DAL), I MHl magazines, a pistol 
grip handle (or the 1 b mm camera, and a photoitH.hr. 
The equipment worked well, and there were no 
significant operational problems. 

The wire for the If) mm I) \L 28 volt power cable 
entangled easily and wa> dillicult to handle. This is 
the same type of win* used on tin' <)D\F tape 
recorders where a similar problem was encountered. 


On one occasion a If) mm magazine did not drive 
and the film tore at the drive holes. The magazine was 
replaced as per procedures. 

Special care was required to insure the Jilin speed 
mode was not accidently changed when using the 
pistol grip handle. The wheel dial for the selection 
moved easily, and the selection was inadvertently 
changed several times. 

The Kiuim camera had no held of view indica- 
tion on tlie viewfinder, which produced some errors. 

Logging of the 85 mm camera photographs was 
difficult. When the 85 mm camera was used lor 
unanticipated picture taking, lor example ol an 
equipment problem, it was often not convenient to 
obtain the log from the flight data file and make an 
appropriate entry . \ log card attached to the i ami ra 
would hi* preferable. 

Reports 

The crew reported items ill live basic ways during 
the course of the lest. Most tasks lent themselves to 
one or two ol these tv pcs oi reports and vve lound all 
methods Use Jill. 

The first method of reporting was to simulate the 
Sky lah voice recording capability and speak into our 
interphone boxes during the course of an experiment, 
prefacing our call with record.*' An example ol this 
would he the call out of impedence, call girth, leg 
hand calibration numbers, ami other items during an 
\I0*J2 run . 

The >ccoiid type ot recording was similar to tin* 
first in that the Sky lah voice record capability was 
simulated, hut in this report the items were written in 
a log over some period and then read at one time. An 
example was the recording ol environmental measure- 
ments in an MT87 experiment when* 50 measure- 
ments might Im* taken at various points in Lhe 
chamber and then all the values would he reported at 
one time. 

The third type ol report was the daily report that 
was prepared by one of the crewmembers and given 
in a simulated Skvlab voice record manner. Mere, 
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items that lia«t Imtii jolted down during the* day were 
collected together in a report along with item." that 
required reporting on a daily basis, sueli u> lood 
ronsumption and rarbon dioxide measurement". We 
found a ehamlHT log very uselul lor writing item." 
down that we fell should In* included in the daily 
report, and the log also served as a record ol the doily 
reports. This report normally required between ten to 
twenty minutes delivery time. 

The fourth type of report was tin weekly report. 
This report wa." prepared during our oil day and wa> 
a summary ol the important items that had taken 
plaee during the preceding week. Not only dtd we 
again relate some ol the* laets, lull we placed the laet> 
in the context we believed appropriate, which was 
not always done when an episode occurred 1 he 
preparation ol this report gave us tin* opportunity to 
discuss the week's activities Im Iwccii ourselves and 
lliitr those* items we believed to be important. It also 
trave us a chance to discuss possible solutions to the 
problems and relate them to the rest ol the test team. 
This report was prepared in either written or outline 
form and was delivered using the simulated Skylah 
voice record capability. The preparation ol this report 
typically required lour hours ol the crew s time ami 
another half hour lor delivery. Although we believe 
the report to be very important, it did take away a 
significant pari of our off-duty day Perhaps some 
other time should be set aside to allow the crew to 
review the week’s activities. 

The last method of reporting was direct contact 
w'ilh the Capsule Communicator (CAPCOM). This 
was used mainly to discuss immediate problems. We 
found that direct contact with the CAPCOM was at 
times difficult in the simulated Sky lah communica- 
tions environment since the Sky lah will only he in 
contact with the ground a small part ol the lime. It 
generally was more elicclive to use simulated te le- 
printer ami voice record rather than to try to copy 
and answer question* in real lime. W hen discussion ol 
complicated procedures or problems was required, it 
was more effective if a teleprinter message with the 
Jacks had preceded the discussion. 

During the course ol the test we implemented a 
procedure whereby the CAPCOM advised the crew 
when there was simulated radio contact. Ibis was 


convenient since \\e did not have l<> keep a "elledule 
of the station contacts. 

Information passage wa> a major operational 
problem encountered in tin test. Ollen the inlorma 
tjnn we thought we had passed out wa." not that 
which wa" received by the appropriate individual". 
Kor example, we tried a modified Skylah vacuum 
cleaner brush and lound that with it the vacuum wa- 
marginally satisfactory. Thi" was reported a> being 
very satisfactory which changed the intent ol the 
statement. It appeared that in the passage* ol inlorma- 
lion, items we re sometimes changed and tin entire* 
sense* of the transmission was being alte red. I'ortu- 
nutely nothing that happened in tin* chamber was 
irrevocable*. Howe ver, conside ration should be given 
to streamlining Skvlab communication" channel- j- 
mucli as possible* to optimize data re turn. 

Unless tiny occurred during an experiment or 
during a scheduler! perioel, most voice recording" were 
‘lost’ one way or anothe r. 

The* re porting prore elun > vve devised wen* our 
way of try ing to have people* accurately understand 
what we* were trying to convey . 

An obvious problem was having se ve ral echelons 
of individuals relaying information with which tiny 
wen* unfamiliar. Frequently , tern, individuals with 
little or no expertise attempted to rcsolu* technical 
problems. These individuals could provide little as>ist 
ance beyond “ 'cl id you read tin* cheek lislf’ or the* 
‘The C/L says. Skylah astronauts should have* tlx* 
most dire*ct link possible to the* most knowledgeable 
person available with the minimum numbe r of official 
interpreters. 

Flight Data File 

The flight data file was an invaluable part of the! 
chamber equipment. The period of time* that elapsed 
between the conduct ol training and test startup, and 
the short period allotted to SMRAT training necessi- 
tated that we rely heavily on the flight data tile to 
accomplish tasks. The preparation of the flight data 
file proved to be a rather difficult task since the 
chamber was not re ady for crew training until just 
before the test. This often meant tin training session 
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Wd> also ill < • procedures development session, and 
olten occurred ultc r the* procedure.- should have been 
fommlatc'd . 

I hiring the test the flight data file was updated 
l)i>(li verbally and via teleprinter message*. \VV found 
(hal new procedures were much mutv conveniently 
passed via a simulated teleprinter message. Many 
other il(' ins were also passed via a -it mild ted tele- 
printer message* and this improved operations hy 
insuring the erew got me-ssuge's aeeurahdv . hy siivinji 
crew lime in copying messages. ami b\ not requiring 
the crew to interrupt Mime experiment during the 
available station passages. 

An item that was not part ot tin S\ll! VI flight 
data tile, and which was lubricated b\ the erew 
during the test, was a reeord hook ot medical 
in lormatiori as passed to us via simulated teleprinter 
messes. This would have been a better record had it 
txen startl'd helore the test because the medical 
experiments begin m a hastdine peri 04! The jnforma- 
tion we 4 nllcclecl was that io|> level medical «!a la 
which W011I4I give us information as to important 
trends during tin 1 test. 

Ihi' fact that we put together various hooks 
within the chamher indicates that fl« xibilily should 
hi provided in tile flight data lil< for long duration 
tests or (lights. We loumJ dial our day-tn-dav 
activities were more like* those in an olTiee than an 
aircraft. We m*eded additional dividt'rs for our hooks, 
himling rings, fill's, and scoteh tape. Paper clips and a 
staph* muefiine would have been useful. Most of this 
equipment was used because pro< edun •- and informa- 
tion passed to us was not die tv pe of tiling one 
should throw away. As an example, lor tin* MI7I 
experiment we performed seven special procedures at 
various times during the lest. One ol these procedures 
was pi'rlormed at least four times anil we wanted to 
keep the procedure for future reference. 

I lie chamber log, a loosrleal hook w ith metal 
('over, was used most. It lia<l sections for logging of 
chamher parameters on a regular basis, as well as all 
day -to-day incidents and failures. 

The record books and their covers held up 
adequately during the oh days exeept for the rings in 
the hooks, which tended to open. We hud various 
clipboards and holders to hold tin hooks and logs 


during experiments. These were adequate', and eertain 
oiH's were’ preferable lor specific applications. \ 
bulletin hoard was used at a convenient place in the 
eenler oi tin' chamber tt> post various items of 
eonliiming interest. This included the dailv flight 
plan, communications plan, transfer loc k schedule, 
and other similar items. 

The preparation of reports in the chamher was a 
hit more' liitfieult hre iiiiH* there was mi place to 
conveniently refer to. and voiei* record, from up to 
six hooks. This typically would occur at the evening 
report when n ronlmgs were made* from t ho individu- 
al food logs. I lie "peeimen mass measurement fog, the 
chamher log. tin* experiments log. and tin- debriefing 
guide. 

Timeline and Mission Planning 

1 he crew day was planned to lit' as close* to the 
Sky lab plan as possible. One variation was tfial we 
began our da\ at 7 a.m. Houston time, instead of tin 1 
planned h a m. I lotislon linn 1 for Skvlab, for the 
convenience* oi the operations team. Our day began 
with a period e>f personal hygiene and experiments 
that were' required before breakfast. These included 
items such as blood drawings, erew microbial sam- 
plings. and crew oral sample's when they were* 
scheduled. This perioel varied Irom approximated 
dO minute's to an hour, depending on how many of 
these experiments were 1 scheeJulcd. Immediately fol- 
lowing this, we prepared and ate* bre akfast. The* time' 
!e>r pre paration, consuming the meal, cle aning up. and 
making initial preparations for the ne xt me al ave-raged 
about 40 minute's. All of the* crew participated in 
the se activities and generally as much preparation w as 
accomplished lor tin* next me al as conveniently could 
he done. This time 1 anei proee'eliire* was closeh 
followed for the re mainder of meals e>l tin day . 

Following breakfast, two of the crewmembers 
accomplished tasks as outlined in the' timeline, and 
the third crewmember normally was assigned svsh'in 
and housekeeping duties followed hy a television 
safety scan ol tin* chamber. On a major medical day 
the IMW2 experiment was begun hy the CDH and 
SPT approximate ly twe) hours after breakfast. This 
task and the M 1 7 1 e xperiment requir'd approxi- 
mately two hours and fifteen minutes of linn* and 
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occupied them until hind, Tin- Pl.T 
lor oilier activities during »l"s lunr, wlmh | 

“„dd be a ‘ lass via closed 

ear, v lu.nl. »n days when M 1 7 1 was jchcd.ded - 
that Im- would .neel the constrain L-- ,•*<' ' ^ ^ 

e\|M'riiiieiit concerning eating a»d doing ' 

Following lunch lh.- Pl.T and SIT each s. rv‘ d as 
liolh subject and o, .server lor (he MIW2/M I series 
of ex lie ri. lie .|L». These two experiments look a|.|.rov - 
match five hours to complete and ran 
During the period when the . am 

involved will, the MW2/M 171 series of experm, enls. 
,|,e Cl) It was scheduled for activities such as a 
language course, command module course, pan ry 
restocking or any number of other items, lie was tin 
one scheduled for system, housekeeping ami 1\ 

safely monitoring duties since the PM and > 

<>tlu‘r\v isr • 

Dinner was done in the same manner as breakfast 
and lunch and took about 40 lies to complete. 
After dinner the chamber was cleaned up tor he 
evening, the daily report was prepared, and the 
safety scan was accomplished. The tasks took 
approximately one hour to complete, hut it '» ' 
days activities were complicated or unusual, they ran 

into a longrr |mtio(I ol Imir. 

The last item ol the day was a rest and relaxation 
period. During this period we use d the U-levisim. the 
off-dulv activities e.piipmenl, the phone am 
supplementary activities for their rest and relaxation. 


oassed to us during dinner. After dinner this plan 
served as the basis for the planning lor the lolh.wing 
.lav. II any changes were reip.ired. they were pass, 

„/ „s via a si laid teleprinter .... -ag. m tin 

morning. 

The timehne was composed ol activities that w.ri 
in convenient time blocks and, although there were 
significant constraints, lln-sc activities < on 
ranged in many ways to fill the ‘by. I his capah , 
meant that each day normally was romp - Iv I 
with activity and there was unscheduled tnm ro 

.i. Iv <) it in \w> inrthon <>> 
Tii.m. to J|»|»rn\ iniiil < I > m 1 

I I . , , 1 1 1 1 1 \a (• llJfl 4*011 M" 

timeline generation work.d w. II a. 

deuce in the tmielinc that we Used each day . 

n„ the basis Of in-el, amber experience -me 
chances were made in the pretest schedules, for 
example, p os, exercise was the * tun. or p- 

r r ,± 

«-*■, »-a*- i' 

such as the IMSS mil roll, ologx experiment which was 
always latr . 

We had only a small number of experiments to 
perform, as compared to Skylah crew. mm. hers, y- « 
found oursclvi-s extremely busy. Wc lc‘ ' > d ’ 

lie working a very crowded timeline. 

One dav cal l, week was scheduled as an oll-duty 
day , usually Saturday or Sunday , hut not .“ “ ssanly 
because of test re., u, re. nen, s. One ol the major 
unscheduled items on the oll-duty day was d‘ 
preparation of a weekly report. The thgh. data Id. 

section thi* - 


The activities for other than a major medical 
experiments day consisted of SMF.AT experum n s 
J, supplementary activities. Then were schch.hd 
by the timeline, as were any other tasks. 

Th. planning cycle for a day was begun the 

morning More the day's activities commenced. he 

premission plan served as a basis lor this plan, Im 
Items were often ‘hanged ,» fit the situation. W. 
were informed of proposed major changes a a 
convenient simulated station pa* near p.rn. and 
comment* were requested. The plan was then lurther 
refined, and a simulated teleprinter message was 


Data 

^ mm*** 

and secondary objectives ol this 

. ,hi area are pertinent, because ol its 

, a .. llia | fliidit erew has tune lor. W. I U 
involvement would improve the data since wc were 
the subjects and directly involved in It* gather.., g. 
to t such involvement we could improve . > 
timelines and help determine the kinds ol items tha 
should he available to the Skylah crews. 
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, " < t -I || ( , data , oll.-,-tion 

" M ''I r '"< tlial 

"'T' J"' 1 " of ll„ test lj( . 

;‘' r,, " ,a "> r r,,, l ,M "' i "" 1 <->'»•"* only ,(„■ 

niiMnr^ ol 1 1 it* imr>(jwa(ors. 

N-vcral I actors should lu recognized. |. OS s of data 

'** ”« "*'■ '-I. Data which arc 

° r al, " U " 1 •«» l"l< -I- arc lr„,ur„.ly lost 
" M " ,,r •** '** •« "* v which ould have 
discovered by lonely analysis. The individuals 
gou rating and .■..Heeling data, especially it they arc 

, : Uau - y l'»'»ar> rcsponsihililv lor ,hc 

•dl, male validity ol the data. Ol neeessily , t|,ey , m .s| 
integral part ol the team. 

I he altitude conveyed to ,is |,\ several ol ill, 

ua - '»' a ' "•* Id no. he concerned 

f 0 "' ' ala, and that we were interfering whe - 

showed an interest i„ data collection or validity. 

, ,,,,r , " or '' •** <>hv io.isly erroneous 

dala we,, frustrating. hut. m several instances, were 
MU i r»lul. 

I" ^.neral. no data in the pretest period were 
made av aila hie to „s until just p rl()r , (il r.mg 

''"'.I . ' ,,r >kvli ' 1 '- r,r,ai " '»«la sliould he made 

avadahlc on a periodic l.asis prcllighl to eliminate 
possihle error sources ,n data collection and to 
proMijr l>arkoro„M,l itilonnalmi , for ronihiriir.tr ,. v 
piTiiriml.s in nrliit. n 


lh. \IO. I series data dealing with intake and 
l> '" ■'hould he avadahlc to the er.-Wsln.il, pre and 
postlhehl to minim, /.e error in data eolle, This 
d.ould he done on a daily basis d possible. \ 
< apahd.lv lor rapid data reduction and dissemination 

,M ' '" '' >sar > '*> handle Hie he, ween lli.'hl 
periods when a lot ol data is brought hack Iron. flidit 
and data are being collect,-, I on a postflight erew"as 
as a prime and backup crew lor tin- next ||j„h( 

Ihe systen, appeared to he saturated with the one 
" 'll . A I errw . 

Ihe major medical experiment data on M0<)2 a nd 
M ,1 should In- available during the training and 
•as, me data-gathermg sessions to aid in the training 

J: ’'""V l- 'hght data pub- 

hshe.l as part ol the High, data file lor each High, 


k'.v.ng the observers a reference and allowing them 
do a belter job. Selected data should also he led back 
O I crew on then- experiments during flight via the 
teleprinter. Ibis slmuld occur prior to repeat,,,., the 
experiment if a, all possible. This calls for a rap„| 
data reduction and dissemination capability . Init.ally 

during S\||.X, Hus was no, possible, bn, by the end 

•• lest this capability was being exercised in a 
reasonable tim. lv manner. 

Exercise 

\> on previous missions, exercise programs were 
lb-- responsibility of the individual. This is a reason- 
able approach since i. would he unwise to change a 
crewmember s exercise activities shortly before a 
mission However. ,he type and amounts of exercise 
normally perlorme.l by (he crew should he doeumen- 
t< d and understood. This was not done for SMK \| 

WV maintained a more or less regular exercise 
program lor Hu sj x months prior to the test The 

>H ran two miles per day about six day s per week. 

11 > ran an avrra^r of turniv mil»> j M . r *■»•«* k 
averaging about seven and one-half minute miles used 
a bicycle ergometer will, some alternation of running 
Wl,l, 1 "" 'lie bicycle eigomcter and lifted 

'V. Igl.ts. The 1*1 I ran approximately one and one-ball 
nul« s per day tour times per week and used the 
biey e le ergometer after each run for approximately 
I wall imiMjtr*. 

Ibis exercise protocol was fairly consistent until 
lie three Weeks preceding the test, when the press of 
•■vents was great, and the SIT and 1*1 I curtailed their 
r\< n i-d- Mt'niiicuntk . 


I’nor to tile test we suggested that, in addition to 
\ ( i i r'lonirtrr. "turn* mrasiiriTrirrits ol lh<* 
<rew s physical capability be recorded. We attempted 

u r ' '""H< <",,1 erode measurements of 
muscle capability and recorded a lew gross anthro- 
pometne measurements. These were the only at- 
tempts at »l<H iinit*nl intr t| n> arra 

The crew V exercise ,s olw iously an im,mrtant part 
<>l their physical maintenance, but as far as we know 
none ol the experiments has considered exercise 
except as it may apply (o the metabolic activity 
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experiment, MI7I (using bicycle ergon, ctry). <■. 

,h‘ continences of not following the » P«*V " l 

exercise was that tin- CI>R Jk**"' * lrd "" ^ 

effect during Ilf pretest period, and h* **¥[" 
on tin. bicycle ergometer were much U *1-" 
U„. desired 2.-,, 50, and 75 per, cut of maximum. 

Shortly before tlf test began. it was requested 
that during the test we record the dady exenu^ w, 
performed. At tins time, an cxere.se ,.ro.«« o! lor d 
lest was also suggested. This cons.stcd ol 
ergometer heart rate mode and niantlainmg a h, . 
rate of over 140 In ats |.er minute for at I- asl 
minutes per period. I his was to be accomplished 

three times per week. The “heart rate mod.- did not 

work and we found a gn at deal more exere.se was 

rc(|uirr<J. 

At the beginning of the chandler result im p< rnxl. 
the CDR and PI T began the exercise test at low lev. s 
i>r exere.se, but quickly increased the.r da.lv exere.s. 
to between 5,000 and 0,000 watt minutes < a> • 
The SIT exercised on the bicycle ergoniet. r a. a at 

hr beheved would maintain his pretest ear^mU 

condition. This normally was about U«*> « “ 
minutes of exercise . This amount ol exereis. » 
prised many of the concerned individuals <>T * * 
SMKAT team but was very consistent wi l " • 
pretest exercise program. The fact that l ns ex. r. is. 
£ sufficient only to maintain his eardmvas. u 
condition is confirmed by the absence ol any 

conditioning effects from exercise. 


The exercise program used by »s was depend 
on. and restricted by. the bicycle ergometcr. he 
,. ar |v failure of the ergometer quickly show d h 
dependent we were on this device. Alter this la.lure a 
limit of 150 watts was placed on it, which " * rl " 
exercise hx all of us. Another commercially ava, da W 
purelv mechanical ergometer was passed ... an thr 
exclusively was used by the SIT and In-qm -Uy h 
U,e PI T because the Sky lab ergometer was n sin. t. 

to thr low loads. 

lo addition to the normal Sky tab crgom.t. r 
pedaling mode the ergometer arm mode was used In 
(be <1T near the end ol the test be. aus. I 

L, deconditic I*- 

unpleasant and very time consuming. I he arm 


loads are not snff.eient to cause anv appre . w 
cardiovascular conditioning. This, however. M.l.je. I- 
ix ,.|v appeared to help the function ol the arms hut 

did not affect shoulder ...us. les. 

The Kxer-t’.v .1. was l.-ed l,\ Us when the ergometer 
was unavailable. We found its use lo In- re.Mne ed 
UwM1M . (here was no wax to alt,.. !. .1 to anv tl.m r . 
Nor, ..ally we found it most a> » '■d.st.lul. or 

liKing weights and not .■fteel.ve lor card.ovaMula 

lonthltomn". 

The ex.-reis.- routine within the chamber required 
about om- hour and fifteen minute- lor t n ■ 

IM I . This included a setup time or t ■< 1 

the actual exercise period which wa- norma v 

10 minute- in duralmn, the return ol the 

U, its nonuse -tale, and a pcr.od of per-nnul hy giene. 

l b. time required for the SIT to exerc-c wa- longer. 

up U> Iwo Imiho. 

I’ostlest, no exercise measurement- w< r. ".ad. 
except for the few crude measurements ». 
onr-. lv.- and lho-c . one rued with bicycle ergo,,,, try 

lor M I 7 I . 

Shortly after the lest ended we went hack to our 

previous herein- program- and found a re.h.et.on n 

performance from our pretest l.-vel-^ As an . xa.np . , 
the SIT suffered approximately .» ml/kg < rop 
maximum oxygen uptake, in -pile ol o-mg 
4 » k ,r of fat which si, oul.l have produced a lav orahl 
increase in oxygen uptake per kilogram Ih.s loss m 
fat was probably more than oll- t by the _. g "> 
ol Iran 


.I,. i..i> ... f- 

,a«.. U,. n. was a * *. - s ' r '"' "J 

mode of the ergometer. 


Supplementary Activities 


The Skvlab medical exp.Time.its and the >M1M 
peculiar experiments were not enough to occupy 
)lav the chamber. It wa- desired to hav. 

i l,,,!, arlivili'- W ™ a *>» •-- 

;,„l ..0,1....,,,- 
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(ill these gaps were Ml t«. (I., mdiyidital crew 

\i liv *1 M •> x'frrlrif Hh lmlnl 

c< mrsr 

* -ONMIUHmI MtifJuIr ( (Hirx 

\>lro<K naum > ( oiirx 
| *f i \ >i< > rourx* 

M»*rlroni<> rourst* 

Mrttiral nx an li 
V04I4-I iMiiUi 

H r 

< iMiiinrrri.il license study 

■w Ol ll.. , , ivrr,. !,v jii instructor 

V “ W,«,| i-ir«'iii| leley isintl. This proved |„. vm 

'• <l "v. I he Russian course. particular. ua, 
"Ih n ami drmamlm... 

'"pplcnicntary activities selected d.d an 
< . j.,|, utilizing ,j lm . .-handier M 

!"’ ’l" 1 ,,av '' ‘ m ,, |>|>«>l - tllllily to feel hori-<| 

rom a lark ol things lo do. In lari the opposite was 

I. '•»<• < wrrr sn lnt>\ w. did not |, av ,. 

1 '<• "l><"«l on certain 1 1 on r > 

( -.nisid.-ring ll.at SMKAT ex. r, is. -,| principally 
k>lal, inriliral cypcrinicnls an.) that Sky lal, crews 

l,av, ‘ *° perform. plus tin- \pollo telescopic 
T""' •"aril, resources ,„s. um) J„ y 

", M,, ' vr " uri '' "<> to l.r concerned 

alMKit >ky|ah rrni> In coming; l,«,r. d over .*»() ,| a y ,. 


Off-Duty Activity Equipment 


^ Norsk' lal, Oil .)',K \cti\ ity Equipment 

). Uilli till- r\rr|ilmii liinoriilars. was 
|>rov nlrd in SMK \T. The equipment worked well and 
sat, factory as a source „f divrrs.on durum our 
ofl-dutv lime. It should he noted (ha. wr also had 
Items Other than those 111 the <)l)\| such as 

„ , WM,, 1 i " ,,, a,,,,i,i *'» al hooks, lo occupy our 
oHdluh hour*. 

The primary Hems that we used were the hooks 
and the tapes and lap, players. On, Kxcr-Cym was 

'f ’ V ° Ml > J «»»•• since, with only 

Straps, the I xer-Cym is veni limited in the modes of 
I'xrmsr iK coriirnodalrJ. 


hradinr oerupird much oil-duty lime. The mm. 

"T ° " i,s feasonahle, and we had no problem.. 

1 hreprool hook covers. A pie, ,- of V, l, ro 
l n mi (/||| l»t d handy itrni iiiflitrlil. 


on 


Onr hook selection process was somewhat eonlus- 
"If!, f irst, we went to bookstores. selected ti t |,. s . Jn ,| 
;ro,,^ the t’th, hack ,0 the people responsible for 
, 1 Al ‘ -^a.-r.i.o. They, in turn, had difficulty 

obtaining the same hooks. We recommend fl.-dit 
* rnv> hr dilounj to jiurrhiix' l»ook> dirrctly. 

I here was a similar prolilern in selecting the tapes 
llier, were basically three types in H„ chamber. 

‘ T'* "ere locally recorded will, no modifications. 

« 'tilers, referred to as SMKAT tapes, were locally 
recorded and had been done a special manner ,0 
sonnd In-ller ,vl„„ played a , f, ps.a. Tlu third croup 
was made up ol commercial tapes purchased off ||„ 
shell. Many of the locally recorded tapes were 
I islorl.-d and p>i seemed to increase this distortion 
, ' . ‘ "•«' that the commercial tapes were 

U li st e reeonnnend usinc eommerii al tapes and 

allowing the Sky lab flight crews ,0 purchase their 
lj|,es directly as reeounnerided for (lie hooks. 

t)ur tape- had been labeled with the crewman's 
name and not with tin selection on tin tape. The 
f Mu Data File personnel generated a cm- card lo 
allow ,,s to determine what was on each tap.-. This 
was J ' cry contusing system. We recommend lain line 
tapes according selections they contain. We sec 

no n.-cd lo.lill. renliale them |,y crewmen. 

III. wire used „„ reorder InadscLs and the 

i;»";r cord tangles badly. The same wire is used for 
■"■'I'li'ition camera and has the 

prohhnt. 

">'< recorder had a channel failure and another 
-'■‘I no, ln» Id tin- batteries properly ,0 maintain 

:; 0, "T l il ‘ ' W * ->ne pretes, ep.sode of 

ap< heing wrapped around a recorder head, hut this 
was not repeated during the test. 

The stereo speakers on the 0|) \K door worked 

"<ll at ops, a hut were close together for any 
strrro Hlrrt. 
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Training 

SMKAT crew training formally began in Novrtn- 
hvr 1971. Actual crew participation extended back to 
July 1971, with involvement in lest equipment 
design. ( lonceutraled training began in March l ( L2. 
With the exception of the major medical experiment- 
training, training on systems and experiments was 
generally limited to a briefing on the subject and one 
walkthrough in the chamber. Where possible, we 
combined baseline data gathering with training. 

Since our training hardware was also the hardware 
used in SMFAT. we were quite often restricted on 
access due to availability, lienee, most of the training 
was crammed into a lour-week period just prior to 
lest start. This period was actually much too busy. 
Twelve-hour days with six -and seven-day weeks wen- 
normal. 

A total of 412 training hours had been planned, 
and we each exceeded 5(H) hours. This, of course, 
only includes the formal training. Many hours that 
were not documented were spent in design meetings 
and extra study. 

Health Stabilization Program 

There was considerable debate prior to SMKA'I 
on what type of Crew Health Stabilization Program 
should be imposed. Reasons proposed lor isolation ol 
the crew included : 

I Protection of the crew from injection prior to 
the test. 

2. Protection of the crew after the test when a 
lowered resistance might be* postulated 

r ,l Simplification of crew feeding and sample 
collection . 

The original proposals called for semiquarantmc 
in lh« Lunar Receiving Laboratory building lor a 
21-day period bclore the test and 18 days alter the 
test. 

It was our opinion that these early proposals were 
not adequately consistent to warrant their imple- 


mentation. Many of our normal working relation 
ships, as well as our family relationships, would have 
been altered, am) yet it appeared to u> that the 
proposed new environment was no more hiailhlul. 
For example, no health screening of isolation support 
personnel was planned, nor was it planned l<> decon- 
taminate our sleeping room.- which had been used as 
bacteriology offices for some years. There was direct 
atmospheric connection to several large labs contain- 
ing a number of infectious agents in high coneenlra 
lion. When the proposals were more closely exam- 
ined, a combination ol I actor* such as facilities, 
personnel, money, and common sense caused the plan 
to be significantly changed. The final program was 
basically left to the crew to implement and consisted 
of having the crew avoid crowds, strangers, and 
anyone who was ill. 

It is our opinion that, ii a simple procedure ol 
avoiding illness is abandoned in favor of positive 
control for health stabilization, significant restrictions 
and inconveniences are placed oil the crew . I o justify 
this complication, the procedure must lie capable ol 
consistently avoiding possible illness exposure. 

We recommend the Sky lab crews be allowed tin* 
same freedom of access to required places on the 
Johnson Space Center complex so they may accom- 
plish their flight preparations. However, we do 
recommend that certain areas lie reserved exclusively 
for Sky lab crews. This would include the Sky lab lood 
preparation and eating arras. 

Conclusions and Recommendations 

This section itemizes our conclusions and re- 
commendations on the subject discussed in thi 
body of this report. All recommendations are 
based on tin; conclusions; however, a recommenda- 
tion does not necessarily accompany each 

conclusion. 

The conclusions presented here represent our 
opinion based on our experiences pre- and post- 
test. as well as during the test. 
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bach recommendation is made Itas'd on our 
knowledge of lli«* status of Sky lab a> ol this 

x * 

writing. We realize dial il is difficult lo iucorpor- 
air changes al ih is tunc, lull consideration should 
In* giyen lo llit* recommendations lo enhance the 
chances ol a successful Sky lab mission. 

Lower Body Negative Pressure <M092) 

t Conclusions 

1. 'Pile I .BIN PI) iris plait* SMKAT modification 
lo radius the internal edge eliminated llit* 
abdomen pain we experienced prior lo its 
incorporation. 

2. The knee restraint strap i> inadequate to 
hold tin ■ legs anti causes some discomfort. 

• b Tin* SMKAT IdtxnJ pressure measuring 

system was inaccurate enough to lit* un- 
satisfactory lor monitoring a crewmans 
wcll-hcing while in the bBMPl). 

I. Iln hear! rate display on llit* KSS would 
hang up causing il lo in- unsatisfactory lor 
iiioniloriiig the well [icing ol a crewman in 
the MINIM). 

r>. Hit I A MS worked well when used with 

the mosile wedges and electrode sponges to 
insure good electrical contact on the 
re I err nee adapter. 

h. There wen* tot) muiiv procedural voice tails 
retpiired in the performance of this experi- 
ment lor tlala reduction purposes. 

7. The shock isolation system did not work. 

Kccommeiidutions 

1. The flight LBN PI) iris plate should he 

radittsed in the same maimer as the 
SMKAT unit to eliminate tin* sharp edge. 

2. Improve tin* knee restraint strap to insure 
it will hold the legs and not he uncomfort- 
able. 

3. Investigate the large errors in the blood 

pressure measuring system to determine the 
eause and correction required lor flight. 

A number of changes suggested herein have served as a 
basis for equipment redesign and refinement in Skylab. 


b Investigate the KSS heart rate display hang- 
up to determine eause and correction re- 
quired lor flight. 

0. Incorporate the mosile wedges and elec 
Irode sponges or similar equipment into the 

flight IA MS. 

6. Make the required ground software changes 
required to insure adequate data reduction 
capability without special voice recordings 
by the crew. 

7. I‘he shock isolation system should In* marie 
to work properly, or the procedures in- 
volved with il should lie eliminated. 

Vectorcardiogram (M093) 

( Conclusions 

1 . Stomaseal tapes from particular lots caused 
a marked degree ol irritation, 

2. I lie tinal harness configuration which 

was personally sized and had shallow elec- 
trode cups worked satisfactorily. 

3. I he \ * harness connectors have a bind- 

ing problem. 

L Some elrctrode sponges arc too drv to 
work satisfactorily . 

Recommendations 

I- Sky lab crews should test stomaseal tapes 
Irom the (light lot to determine if there is 
any problem with irritation. 

2. I lu* Sky Lilt \b(» harness should include 
the SMLM modification of shallow elec- 
trode cups ami a personalized tit. 

3. Determine the rail** of the \(A] connector 
binding problem and correct il. 

b Action should he taken to insure an ade- 
quate amount ol cleclroly le is contained in 
the flight sponges. 

Hematology Program (Ml 10 Series) 

Conclusion- 

1. There were some problems in drawing 
blood from superficial veins because they 
appeared to be subject to spasm. 

2. The needle/ sy ringe interlace leaked air due 
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lo a poor til. 

3. It was necessary U> lorce the last Inv 
milliliters of blood into the ASP which 
produced spills and might harm some of 
the n ils. 

4. Tin* centrifuge cover was easily misaligned, 
and the unit vibrated excessively even when 
>1 was aliened. 

Recommendations 

|. Crewmen should draw blood Irom ibe 
deeper (anlecubilal) veins. 

2 . Insure a proper lit ol needle and syringes 
to eliminate any leaks. 

3. Investigate the need lo force blood into 
the ASP to determine the cause and correc- 
tions required lor Right. 

4. Provide a means ol easily centering the 
centrifuge cover, and take other sli ps re- 
quired to minimize vibration. 

Specimen Mass Measurement (M074) 

Conclusions 

|. A container was required for lood residue 
measurements, anti the mylar bags used 
during the test were satisfactory' if a 
closing method is provided. 

2. The initial elastomer sheet lore loose from 
its hold-down strip. 

3. The temperature measurement is inaccurate. 

4. The SMMD appears lo be workable to the 
point of providing adequate residue data, 
although possibly not the two percent spec- 
ification. Fecal data had typically less than 
one percent error. 

Recommendations 

1 A quantity of mylar hags with a malleable 
metal clip should he provided lor lood 
residue measurements on Sky lab. 

2. The flight elastomer sheet hold-down should 
he modified to eliminate the tearing problem. 

3. An alternate means of measuring the tem- 
perature should be devised. 


Metabolic Activity ( M 171) 

Conclusions 

1. The MIT I experiment only measured a 
part of the crew s capability lo do work, 
and did not document many areas ol possi- 
ble changes in the body. 

2. From the crew's standpoint no metabolic 
analyzer ever demonstrated tin rapahililv 
to give consistent, believable data, at 3 p>iu 
on human lest subjects. 

3. Since the metabolic analyzer did not work, 
flight procedures, crew training, and data 
handling procedures could not he consid- 
ered lo have lieen exercised b\ tin* cham- 
ber test. 

4. The failures experienced by tile bicycle 
ergorneter woidd have made it incapable ol 
supporting MI7I and an\ crew exercise 
program. 

fj. A reasonable crew exercise program re- 
quires a functional bicycle ergorneter with 
no use restrictions. 

6. Idle harness worked adequately with the 
exception that the cone separated, and this 
would have made the harness useless. 

7. The harness requires a place to dry. 

8. The heart rate mode was not operational 
during the chamlw r lest. 

9. The earpiece often gives incorrect heart 
rates anti can Im- adjusted only it one 
knows the correct rale. 

10. The data collected pre-. during, and post- 
test using the Douglas bugs appears to tie 
the only reasonable data Irom the test. 

I L The oral thermometer is slow to respond. 

12. Oral temperatures tend lo lie low and 
variable after prolonged mouth breathing. 

Recommendations 

I. Consideration should Im* given to measuring 
items which may show changes in strength, 
endurance, and size of the body pre- and 
postmission. 
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2. Fix the metabolic analyzer and thoroughly 
l< st it under mission conditions. 

3. Insure llie hie\ cle ergoinctcr will support a 
vigorous crew exercise program 

I. Provide plat es lor harnesses to dr\ . 

•>. Delete using the heart rate mode, and 
substitute an exercise protocol using the set 
work mode. 

b. Develop an aeeurate earpiece ihenrioineler 
or delete measurements alter metabolic ana- 
l\ zcr measurements. 

Time and Motion (Ml 51) 

( (inclusions 

1. Crew eoneern over heme within the field 
ol view ol the camera tended to inhibit 
the natural movements in accomplishing a 
task. 

2. There eould not be an\ coverage ol food 
residue mass measurement since tliere nor- 
inallv was no lood residue. 

2. The crew had little involvement with the 
experiment, hence complications were mini* 
mat. 

Recommendations 

1. Establish camera positions ami lens such 
that the crew need not be concerned re- 
garding their position. 

2. I lie experiment should rover an event 
other than food residue mass measurement. 

Sleep Monitoring (Ml 33) 

( Conclusions 

1. Two oi the erew experienced reactions to 
the M 1.3.3 experiment that appeared to be 
caused by the electrode paste. 

2. The electrodes used in the chamber had 
more electrolyte than those* used pre- and 
post test. 

3. I he electrode paste was difficult to clean 
Iroin one s hair in the chamber. 

4. The PHI caps were just as comfortable as 
the Spandex material. 


5. It is easy to improperly install the Ml 33 
tape. 

Heroin men dat ions 

1. 'Tile Skylah crewmembers should be tested 
with the M I 33 experiment to determine il 
there is an\ allergic reaction. 

2. The minimum amount of paste should be 
placed in the electrodes. 

3. The MI33 experiment should be scheduled 
the night before a shower if possible. 

4. \ procedure should tie developed to insure 
the proper installation of the Ml 33 tapis. 

Experiments Peculiar to SMEAT 

Environmental Noise 

( ^inclusion 

I. I his test ran smoothly with onlv minor 
equipment problems. 

Crew Microbiology 

Conclusion 

I. The experiment ran srnoolhh with the ex- 
ception of collecting fecal samples within 
the constraints of processing times and 
overtime restrictions. 

Recommendation 

I. Schedule simple collections at a lime 
which will allow some variation in delivery. 

Chamber Microbiology 

Conclusions 

1 . I he tesl ran sinootldv . 

2. The horizontal strips located in the air 
returns on the floors were not representa- 
tive o) the chamber environment. 

Recommendation 

I. Don't consider the data from the horizon- 
tal strip a> I icing representative of the 
chamber environment. 
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Inflight Medical Support System (IMSS) 

( ’onrlu>ion> 

1. The diagnoMie and therapeutic kit." arc 
prohahly adequate, hul some items such as 
the Polit/er hag and tongue depressor are 
useless and should he eliminated. There vs us 
an inadequate opportunity to make use ol 
the surgical items and some other items; 
however, it i.-> felt that the IMSS training 
should stress the ordinary ami not tin' 
heroic procedures. The drug kit was not 
really exercised; however, again it is the 
small every day items that will lind usage 
and such items a> an effective emollient lor 
lip chapping and tin* like should he consid- 
ered . 

2. The IMSS resupply kit was frustrating be- 
cause of the difficulty in identifying item 
locations and the difficulty in obtaining 
items. 

3. Although it was possible to use the micro- 
biological techniques, the procedures were 
found to lie extremely frustrating and time- 
consuming and the microscope is still h it 
to he inadequate. It prohahly will tie possi- 
ble to do a white blood differential, hut 
further work is needed in this area. 

4. SMI, AT purposely proceeded with inade- 

quately developed IMSS procedures, espe- 
cially in microbiology due to the early 
time of tin test. These procedures are 

frainnented and extremely hard to integrate 
and even harder to put into any sort ol 
reasonable practice. 

3. The time allowed lor tin* microbiology pro- 
cedures is inadequate and may he more in 
error in the absence ol gravity. 

6. There are problems ol gas leakage and 
evolution in the Mainer. 

7. It is difficult to properly smear and dry 
blood smears. This problem may he associ- 
ated with reduced atmospheric pressures. 

Recommendations 

I. riiminate the Politzer hag and replace the 
metal tongue depressor with standard dis- 


posable units. Review the surgical kit in 
view of training received and prolicienry 
attained with view of possible elimination 
of such items as intraeardiae needles. Slre>s 
procedures thal an- likely In he required 
>uch as manual blood pressure readings and 
heart rale during exercise. 

2. The IMSS resupply container rack should 
he reworked lor easy removal. Only ihr 
racks should he slowed in (he chiller. 

3. If possible, replace the microscope with 
one with adequate optics and lighting. Pro- 
vide a mechanical stage. 

!. Some effort should be made to better 
integrate the inaiiv hits and procedures in 
operations to allow something more realis 
tie in terms of training and timeline. 

«>. A hard look sliould he taken at the value to he 
obtained from some oi the more detailed 
aspects of the microbiological procedures. 
Then a decision should he made whether it 
is worth the el tori to keep these in the 
program as compared to the amount of 
training that will he required as well u> the 
time in orbit should it he used. We would 
strongly recommend against Using these 
microbiology procedures on any hilt actual 
illness events. 

(). The Stainer should be examined under 
3 psia especially as to the alcohol reagents 
and a fix attempted on the vapor produc- 
tion and other gas leakage. 

7. The blood smear fixture should he included 
and Wright staining procedures should also 
be further examined under 3 psia. 


Operational Bioinstrumentation System (OBS) 

Conclusions 


1. The OBS experienced a couple of failures 
and the total number of uses was not 
adequate for us to make a conclusion on 
its adequacy. 

2. We tried an electrode k 'knurdh“ as well as 

tile electrode sponges and prefer the 

sponges. 
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4. \V < used tin OHS lu ll and prefer it over 

tin <;\v 

Recommendation 

I. Include an OHS licit on Skylali. 

Habitability 

( Conclusions 

1. Hie SMI, A I chamlxT was adequate lor a 
oO-day lialiitation. 

2. I he o psia atmosphere had an almost insig- 
nificant riled on our daily activities. 

d_ I lie temperature was most comfortable at 
hO | ami acceptable at 77°l , 

H I In* habitability measurement instruments 
were uselul but probably not optimum. 

' I be habitability questions varied f rom 
thought provoking to tedious with the mul- 
llple ehoiee appearing; the least desirable 

Recommendations 

1. Eliminate most ol the tabular l\ pe habit 
ability questions. 

2. Increase reliability ol tempt raturc mea- 
suring equipment. 

Aerosol Analysis (T003) 

Conclusions 

1. Tin- rOO.i instrument was simple and easy 
to list' but at times displayed questionable 
data. 

2. There was some confusion as to what to 
do if a readme was not recorded. 

Recommendations 

1. It possible, devise a way to grossly cheek 
the TOOd instrument in flight, 

2. Define what to do il a reading is not 
recorded. 

Chamber Systems and Equipment 

Chamber Systems 

(Conclusion 

i. The (Chamber Systems worked well with 
onlv minor problems indicating that the 


work by the individuals concerned was 
worthwhile . 

Personal and Hygiene 

(Conclusions 

I Tile shower is very desirable, but the water 
quantities are minimal. 

2. Shampoo could not be used with the show- 
er. 

d. Ail materials tested lor washcloths ami 
towels were satisfactory, but PHI ami the 
Sky lab materials were the ixst. The quanti- 
ty of washcloths and towels was slightly 
excessive, hut they were also useful for 
cleaning the chamlier. 

4. Personal hygiene kits contained unused 
items and an inadequate amount of others. 

»>. It is desirable to have a rather thorough 
washup after exercise. 

(>. I he wipes were not adequate (or cleaning. 

7. An excessive amount of lint and debris was 
generated in the chamber. \-420 material 
was the biggest ol fender. 

8. I lie Skylali vacuum cleaner was minimally 
satisfactory in picking up debris with the 
Apollo-type brush. It was unsatisfactory 
with the Sky lab brush. It would not pull 
liquid into the collection bag, but allowed 
it to collect in the hose convolute^. 

Three men living for two months are hound 
to have a urine spill, sickness, or other 
occasion that will require cleaning a dis- 
tasteful mess. 

10. I here was an inadequate number ol wipes in 
SMK.AT lor a oh -day mission. 

Recommendations 

I Tiler* should he no decrease in water or 
temperature on the shower. 

2. The shampoo should be deleted if it 
cannot be used with the shower. 

3. The current number and type of towels 
and washcloths should remain the same. 

4. Each Skylali crewman should examine the 
kit to insure adequate quantities of items. 
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3. Schedule a personal hygiene period follow- 
ing each exercise session. 

6. Towels anti washcloths should be used ior 
spacecraft cleaning. 

7. Minimize any planned use ol X420 material 
and investigate any potential flight problem 
with ECS filter* being (logged by lint. 

8. The Apollo-type vacuum cleaner brush 
should be used oil Skylab, and the vacuum 
should not he used to pick up liquid spills. 

9. There should he several pairs ol some dis- 
posable rubber gloves onboard Skylab lor 
cleaning. 

|0. Increase the number of wipes on Sky lab by 
fjvr boxes, and only use two dispensers at one 
time in the wardroom and waste management 
compartment . 

Waste Sample Collection 

Conclusions 

|. \ system of positive control including cod- 

ing of containers by day and crewman is 
required to insure that samples art' not lost 
or mixed. 

2. A portable container for water and urine i> 
required pre- and postflight. I his container 
must be capable of being carried in the 
T 38 pod. The container developed during 
SMEAT is satisfactory . 

3. A daily debriefing to the crew on wastes 
collected from the previous day was re- 
quired to minimize errors. 

4. Personnel w’ere not trained and the collec- 
tion system was not tested prior to when 
actual collection began. This produced 
many problems while the "'bugs were 
worked out of the system. Now all but 
one of the individuals who performed the 
collection (as well as food and water 
delivery) have been released. 

Recom mendations 

|. The system of sample control developed 
during SMEAT should be used for Skylab. 


2. The portable water and urine container 
developed lor S VIKA I should Im 1 available 
to the Skylab crews. 

3. The Skylab crews should receive a *hort 
debriefing on the previous day s waste col- 
lection each day during the pre- and 
postflight periods. 

4. Insure that personnel performing collection 
have adequate training in a realistic collec- 
tion situation. 

Skylab Urine Volume Measuring System (UVMS) 

Conclusions 

1. The Skylab l VMS was too small for the 
crews daily urine output. 

2. Failures in the Sky lab 14 MS or the urine 
bags resulted in frequent large urine spills. 

3. The design of the l VMS and the tools 
available made cleaning the UVMS a diffi- 
cult, hazardous, and time consuming task. 

4. It was impossible to obtain consistent urine 
samples. 

3. The volume measurement system hung up 
during the latter part ol the test. 

6. Three centrifuges wen* replaced during the 
pretest and lest period in attempts to 
obtain adequate airflows. 

7. The filter was replaced with extreme diffi- 
culty, 

8. The urine collection hose/funnel assemblies 
frequently were ineffective because ol 
quality control problems. 

9. The urine system drawer and drawer latch 
were difficult to operate. 

10. There was significant condensation Irom 
the cooling lines which led to the cold 
plates. 

II . At least an hour a day should be planned 
for system operation. 

12. The capacity of the contingency system is 
inadequate. 

13. There is back pressure in the contingency 
system. 

14. Several cuff assemblies leaked. 
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I o. Contingent ) system sampling was unsuc- 
cessful. 

16. Thr contingency system procedure is com- 
plicated. 

Recommendation 

I. \ major effort should hr made to provide 
a urine system that will collect, measure, 
and sample the crew V daily urine output 
without excessive erew time or incon- 
venience. Any spill not oul\ negates the 
experiment hut requires significant crew 
time lor cleanup and presents potential 
operational and health hazards. 

Fecal Collection System 

Conclusions 

I I he stools were not well lormed while we 
were U n the Sky lab diet which may cause 
a separation problem in zero g. 

2. The green sticky -back tape on the I’ccal 
hags is too difficult to handle in any 
manner other than disposal. 

d. I he seeoud seal on the In al hag is clumsy 
and crude if made in the originally 

designed manner, but the newl\ proposed 
method of sticking a sticky surface to the 
hag is satisfactory . 

T. Keeping the leeal system prepared with a 
hag is advisable in rase a need to use the 
system suddenly arises. 

Recommendations 

I Investigate the cause of the soft stools 
while on tin 1 Sky lab diet, and correct if 
possible. 


Th.- 

green 

sticky back 

tape i 

on the 

fecal 

hajs 

should 

he thrown 

awa\ 

when 

it is 

re moved. 





l)s<- 

the nc 

w procedure 

e lor 

making 

the 

second seal on the fecal 

hags . 



The 

system 

should lx- 

configured wi 

th a 


hag alter each use. 


Carbon Monoxide Monitor 

Conclusion 

I. I he unit was noisy, diificuit to interpret, 
had an inadequate means of being checked, 
and failed during the test. 

Recommendation 

I. This unit ha> a significant number of prole 
lems that need to he corrected prior to 
considering it for flight. 

Carbon Dioxide Monitor 

( onelusion 

i . 1 1»<* unit has a slow response time for 

carbon dioxide measurements, and the 
ambient temjM rature gauge was in error by 
several degrees. 

Recommendation 

!. Procedures and timeline .should account for 
the slow response time in the use of tills 
instrument, and tin- temperature error 
should lie corrected. 

Food System 

Conclusions 

1. Dietary requirements imposed b\ the M070 
series experiments did not adequately con- 
sider individual variations which made selec- 
tion of a satisfactory diet lor the SPT 

impossible. 

2. Food preparation and eating facilities in 
Huihling ‘J7 were inadequate in that the 
kitchen was available to loo many individ- 
uals. and the surroundings were not con- 
ducive to pleasant dining. 

A. There were a large number of food ron- 
tainer failures which primarily included bev- 
erage container valves leaking, reconstitu- 
tion hags splitting, and frozen food mem- 
branes bursting. The packaging with then' 
failures was unsatisfactory for flight. 
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4. The large number of lood failure* ami the 
dietary problems encountered iudieate there 
is need lor spare lood items. 

5. The large number of pills that must be 
consumed with the diet have a high nui- 
sance value and are easily confused and 
forgotten. Tlie poly e thy letie glycol pills 
were the biggest offenders, and the data 
presented did not substantiate their use. 

6. The Command Module spoon is required 
for most items that need to he eaten with 
a spoon, and it is made of a nonmagnetic 
material. 

7. The “can crushing" mode is a very messy 
operation . 

Recommendation 

1. Dietary requirements tor the M070 series 
experiments should be revised to allow 
enough flexibility to include individual 
variations as well as varying operational 
conditions. Individual diets should l>e 
thoroughly tested prior to beginning the 
preflight phase, and any problems encoun- 
tered should be corrected and retested. 

2. The food preparation area for pre- and 
post test should be restricted to involved 
personnel, and the dining facility should be 
isolated and configured to make it as pleas- 
ant as possible. 

3. The food packaging needs to be redesigned 
to eliminate the identified failures 

4. Spare food should be provided on Sky lab 
to handle contingencies, and a means ol 
easily accessing these spares should be de- 
veloped. 

5. The polyethylene glycol pills should be 
eliminated if the data obtained by their un- 
does not substantiate their continuance. 
Also, all pills should be color coded and 
packaged so that pills for a particular meal 
are uniquely identifiable and located. 

f>. The Command Module spoon should be 
available in Skylab, and it should be made 
of a magnetic material. 


7. Modify the ran crusher to minimize the 
mess and to allow lor easier cleaning. 

Clothing 

Conclusions 

1 . All ol the clothing materials u*ed were 
acceptable from a clothing viewpoint, but 
the \420 material generated a gn at deal ol 
lint. 

2. The clothing was comfortable, wearable, 
and sturdy with enough change* lor reason- 
able cleanliness. 

,4. Some clothing items wen* riot worn be- 
cause of personal preference. 

4. The detachable trouser leg* were a desirable 
feature, 

5. The clothing module was not labeled ade- 
quately to help a crewmember keep track 
of what fresh item* remained in his mod 
ule. 

Recommendation* 

1. Do not use X420 on Skylab unless the lint 
problem can lie minimized. 

2. Allow the crews more freedom to Mibsti- 
tute items so that the module will rc licet 
their clothing wearing habit*. 

3. Label the clothing modules with a list ol 
the item* that are included in a manner 
which would allow their check-off as they 
were removed. 

Sleep Restraint 

Conclusions 

1. The sleep restraint provided a comfortable 
place for sleeping. 

2. The neck hole was small enough to make 
entry and exit difficult on a new restraint. 

Recommendation 

1. Rvalualc the sleep restraint neck hole to 
make sun* it is large enough lor entry by 
the largest Skylab crewmember. 
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Tool kit 

( ioncltision 

I I hr Shy lah tool k 1 1 st*e 1 1 1 > u ell equipped. 

Cameras 

( durfitsious 

I Hu cameras worked well with only minor 
problems. 

2. Tin* logging of tin* 33 nirii pit Inn's was 
till I M'lill since it (isiiuli\ was not convenient 
to obtain tin* appropriate* hook at the lime 
a picture was lake'll. 

Krrommrmlation 

I. \ im ath should hr considered lor attaching 
a rouvmirnt log to thr do mm ramrra. 

Crew Related Activities 

Reports 

( lom lu.-'ioiis 

1. I hr crew reported their artions h\ means 
ol livr ty pes (d reports, These reports 
consumed significant rrrw time, hut we 
Iwlirvr thr\ were required 

2. The procedure ol having (IMHiOM advise 
thr erew of station contact worked well. 

•1. Thr information passed out h\ us was 
ottrn viiisutiderslood. 1 hi- problem was 
probably made worn* h\ several layers ol 
individuals relax ino information. 

1. Murh ol the tape recorded in formation was 
lost . 

Recommendations 

1. Adequate* time should lie made available to 
the rrrw to allow them to relay to the 
ground what they believe is important. 

2. Sky lah should consider havin': the 

C\P(3)\I advise the erew ol station con 
lads. 

3. Skvlab should try to streamline their com- 
munications procedures as much as pos- 
sihlc. 


4. Adcijuatc voic e recording procedures should 
hr implrniented. 

Flight Data File 

( amchisioiis 

1. Ilir Might data tile wa- an invaluable pari 
ol the chamber rcpopiiirilt. 

2. Tlie teieprintiT is the preferred wav to pass 
man\ messages. 

3. Flexibility should hr allowed to change the 
Might data file while it is being used. 

1. \Ye found it convenient to log many items 
in oim master log. 

3. The "towage of new procedures and infor- 
mation required oftiee-tvpe items. 

Kecnmmemlatieuis 

I. Supply ol liee-ly pe items, such as dividers, 
binding rings, files, tape, and per clips, to 
facilitate the handling ol new procedures 
and inlnrmation, and tin' changing ot (hr 
various hooks in tin* FDF. 

Timeline and Mission Planning 

( .oiiclil sion- 

1. The Sky lah mission planning and scheduling 
worked well lor SMF A T. 

2. I' arli da\ was filled with either experiments 
or other aeitvities and we were* cnristanllv 
busy. \\ r believe* tile Sk\ lah crews will he* 
ke'pl (xtreineh busy during tin entire 
:>(> day s. 

3. ft c louml that reports consumed a rather 
sign it icaul amount of time yet we- can 
ill in k ol no good alternative* to the* dailx 
and weeklv re-ports. 

Data 

t onclusion- 

1. ft e* helievi* that lor best results the* crew 
should la* ke*pt aware of the re*sults of the 
experiment. 

2. Timch e-xammution of the* experimental 
data can uncover maiiv items that can he* 
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corrected i f recognized while the lest is 
’Mresli ' iii everyone V minds. 

2. Procedure?. should hr devised to advise the 
crew of the experiments' progress ul regular 
intervals prr-. during and then pnstflight . 

Recommendations 

1. The experimental data should hr sulli- 
cienlly reduced to allow ltru«*l\ examina- 
tion 4 j I’ thr progress ol the experiment. 

2. Thr crew should 1 m advised at frequent, 
regular intervals ol the progress ol tin* 
experiments prrfligliL during (light. and 
poslllighl. 


Exercise 

(Conclusions 

1. There was no program to document and 

understand each crewmans exercise proto- 
col prr- or posttest. I hat used during the 
lest was minimal. This Icll a in the 

total inediea! c\periuu*nls and hampered 
some experiments directly 

2. The bicycle ergomeler is critical to the 
Sky lab crews’ exercise and we lound exer- 
cise a very necessary activity in the cham- 
ber. 

1. Exercise is an essential feature of prolonged 
stays in such a closed environment. 


Recommendations 

1 . Establish a program to document each 
crewman s exercise prr- and postflighl as 
well as during llight, and take the required 
action to insure that thr effect ol this 
exercise is factored into each medical 
experiment. 

2. Take steps to insure the ergomelcr will be 
available for exercise in Skvlab and that 
limitations of its use be minimized. 

3. Allow for adequate exercise time. 


Supplemental) Activities 

( loliclusinil 

I. The supplementary activities did an excel- 
lent job ol allowing u> to utilize our lime 
in the chamber. 

Off-Duty Activity Equipment (01) AK) 

( Conclusions 

1. The Skv luh 0|)\E equipment was used 
often and generally wa* adequate. I he 
items most used were the hooks and tapes. 

2. The hook and tape procurement process 
was complicated and probably unnecessary 
In the ease of tape?., we believe normal 
commercial tapes to lie the best. 

3. Labeling the tapes with the crewmembers 
name and not the tape selection was 
confusing. 

Recommendations 

1 . Allow tin* crew the option ol purchasing 
hooks and tapes lor Sky lab and then ol 
being reimbursed. 

2. Label all tapes, ami tape containers, with 
the major selections on the tape. 

Training 

Conclusion 

I. The SMEAT training was adequate hut 
crammed licrause ol hardware availability . 

Health Stabilization 

Conclusion 

I. The health stabilization [dan implemented 
for SMEAT where thr crew avoided 
crowds, strangers, and anyone who was 
ill worked. 

Recommendation 

I. A plan similar to the SMEAT plan should 
be seriously considered for Sky lah, 11 a 
more positive health stabilization plan is 
chosen, it should be defined early , so that 
it can be studied lor consistency . 
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Summary 

\ r>(>-da\ chamber simulation ol Shy lab was 
successfully completed. I In atmosphere (.» psi. 
70 percent oxygen. :«) pcrrenl nitrogen. .» mm rar- 
hon dioxide) ami medical Icaiures includin'! a 
2 1 -day pre- ami IH-day posttcst medical protocols 
were closely simulated. \o «i|»| »«f r«*i 1 1 crew health 
problems w ere induced h\ llir atmosphere, semi- 
closed environment. or other lest I *‘iit ur* k s; and no 
appreciable crew degradation appeared over this 
period. Tin* chamber and associated systems per- 
formed without major problems. 

\lthou*ilt only medieal experiment- Were sehed- 
llled , crew lime was well oerupied. 


Major and fundamental problems were eneoun- 
tered v\ i 1 1 1 medical equipment includin'! brine 
Volume Measurmu System, and mrtabolie analyzer 
and er^ometer. Hardware problems were also 
eneoimtered with tin- Blood Pressure Measuring 
System and Experiment Support Syslem/bardio- 
taebometer. Another major problem was the 
rigidity ol the lood system wbieh produced a 
nineteen pound weight loss in one crewman. 

It was concluded (hat virtually no baseline 
data was fathered Irnru the metabolic studies, and 
that U VMS. diet, and metabolic analyzer must be 
revised and tested before llyin<i on Skylali. 
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SUMMARY 

Richard S. Johnston 
Director of Life Sciences 

Lyndon B. Johnson Space Center 


I he Sky lab Medical Experiments Altitude Test 
was a simulation o! the .If) -day Skvlah mission. This 
test, conducted at the Lyndon IL Johnson Space 
(-enter, included all significant features of the Sky lab 
flight environment with the exception of weightless- 
ness. The atmosphere wa> identical to that of Sky lab, 
consisting ol a 70 percent oxygen/30 percent nitro- 
gen breathing mixture at 5 psi; the physical facility 
was quite similar; crew activities were fully represen- 
tative; the timeline ol events was that of an opera- 
tional mission; and lull mission support was provided, 
ju^t as would he the case in Sky lab. Finally , to insure 
fidelity throughout, three members of the astronaut 
corps served a> subjects. 

1 he objectives ol the SMEAJ program were 
several. Ol paramount importance \va> the collection 
ol baseline biomedical data which might he used later 
in attempting to isolate the effects of weightlessness 
perse on >kylah crewmembers. \ second objective 
was to evaluate Sky lab crew procedures and equip- 
ment operations and to train both crewmen and 
support pcr>onm l in the procedures and operations. 
A third major objective was to test all medical 
experiment equipment and all life support systems 
lor functional adequacy, reliability , and acceptability 
so that appropriate redesign might he accomplished 
prior to Sky lab. 

i he SME A I mission consisted of a pre chamber 
phase, beginning six months prior to the chamber 


test; a >h-day chamber lest, begun on 2b July. MI72; 
and an I ll-day poslehainber test period. The test was 
conducted in a cylindrical, 20-foot diameter vacuum 
chamber configured to re huh hie the part of the 
Sky lab Orbital Workshop (OWS) referred to a> tin 
brew (Quarters. The lest, conducted rffcelivclv as a 
separate space mission, was judged to be quite 
successful and produced the following results. 

Development of Sky lab Program Team 

fine ol the principal outcomes of the SMKAT 
Program was the molding of a Sky lab mission control 
and support team. \ number of new management 
concepts were used in SMKAT under which a 
diversified life sciences group, consisting of engineers, 
physicians, physiologists, biologists, psychologists, 
and others, became a cohesive program team. A 
format lor regular meetings of key personnel was 
established and new procedures lor information 
dissemination were used to keep both project 
personnel and NAS \ management apprised of 
significant problems and accomplishments. 

During the course of SMEAT, virtually ail of the 
logistics issues which would be found in Sky lab 
were addressed. Such obvious matters as feeding the 
crewmen, collecting waste samples, and providing 
exercise facilities, all fairly routine items, required 
ex tensive planning for proper accomplishment in the 
mission environment. The establishment and 
implementation of logistics programs for issues such 
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as these brought together people Irom various N AS A 
I lirrctorates and different din uplines, allowed them 
to \> ork together and to develop an appreciation ol 
tlir responsibilities and dimensions by \% different 
nr* r uui/alious involved in mission control work. I he 

p , * 

rr>u It was a team which acquired a mission identity 
and a confidence concerning its capabilities lor 
mission control and support. Ibis bad a profound 
riled on tin ability id the N A manned spare 
j| j *_r| 1 1 organization to 1 1 \ the most complex mnlird 
flight that the l mted Slate- has set out to ac- 
complish, the Skv lab mission. 

Baseline biomedical Data 

One o I (lie major objectives ol the SMEAI 
program was to obtain ami evaluate baseline medii al 
data lor up to oh days lor those medical experiments 
wbieb nn^b l be affected by the Sky lab environment. 
These data then would provide an excellent base Irom 
which to isolate and evaluate the elleets ol weight- 
Icssiiess oil Skylab crewmen. 

I sable in lorm ation was obtained Irom virtually 
all ol the SMK AT medical experiments. These data, 
coupled with the clinical observations ol the medn al 
monitoring team, prov ided a comprehensive picture 
cd the dav -lo*day health ol tin* SMK A I crew- 
members. \o significant changes were noted, and 
none bad reallv been anticipated, in the results tor 
the medical experiments. I here also were no apparent 
crew health problems induced by living in the 
se unclosed environment, the altered atmosphere, or 
other lest features ol SMI*. A I . I here w as no appreci- 
able degradation in crew performance over the period 
ol the test. 

The relative constancy ol the baseline data 
obtained during SMI'. A I is quite important lor later 
Sky lab data analvsis programs. From the lad that no 
changes of consequence were found m studies dealing 
with such variables as mineral balance, metabolic 
factors, and bone mineral measurements, one can 
conclude that there will lie no bias in the Skylab 
medical data due to the atmosphere, work, or social 
conditions. 

Data Recording and Handling 

\ tremendous number ol measurements were 
obtained for medical experiments, systems tests. 


environmental lest-, and in-chamber monitoring ol 
SMK AT The acquisition ol biomedical data went 
sMioolldv . but the processing of the data through 
computer systems providing automatic computations 
and plots of the (lata lagged during the initial stages 
of the test. These problems were corrected and. by 
the conclusion ol the test, data Mow was quite 
satisla* lorv . 

An initial problem in the SMK A I Program dealt 
with procedures lor handling massive data from tin 
variety of experiments and presenting this informa- 
tion b\ some system which would allow monitors to 
lollow on a dadv basis anv trend that might be ol 
significance from a crew health or operational view- 
point. A series of trend eharts were developed lor 
each of the major experiments, with daily charting ol 
pertinent data. These trend charts proved quite usciul 
and provided a kind ol clinical health chart on tin 
crew using experiment data a different approach to 
handling medical data Irom that used in prior spat e 
missions. 

Equipment and Systems Evaluation 

Much of the hardware used in SMEAI was new, 
partieularlv that associated with the medical experi- 
ments. One of the objectives ol the lest was to 
evaluate the lunetional adequacy and acceptability ol 
the \ ariolis equipment items and to provide guidelines* 
for needed redesign or improved construction. I his 
effort proved to he ol great importance since a larg* 
number ol potentially serious problems were dis- 
covered. In some eases, major redesign of equipment 
wa> necessarv ; in others, additional qualification or 
life cycle testing was warranted. By the end ol the 
program, however, most problems had been solved 
and Skylab could In- approached with increased 
confidence concerning hardware adequacy 

'[’lie principal equipment problems oecurring during 
l lie SMK VI test Vs ere: 

I. /■Vine Cotlerhon System. This system was 
designed to allow the pooled collection oi urine 
samples from Skv lab ercvvmen on a daily basis. I he 
original system was designed to handle 2,000 ml per 
day. Karlv in SMK AT, it was discovered that crewmen 
exceeded this volume on a daily basis quite Ire- 
quentlv. Because of this, and other problems as- 
sociated with use of the system, a major redesign was 
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undertaken resulting in what is now considered to hr 
a very functional urine collection system for use in 
flight* 

2. Metabolic Analyzer. A number of problems 
were discovered with this unit. For one, a higher 
oxygen consumption ( 1.1 to 21 percent) was observed 
at altitude than at ground pressure level. Vital 
eapaeilv and minute volume measures were inter- 
mittently as much as 40 *o 00 percent higher than 
should have been the ease. In addition, drilt was 
noted in some ot tin* data plots. As a result, a number 
of the electronic circuit.- were redesigned and addi- 
tional mechanical change- made in this system. The 
metabolic analyzer now provides consistent data ami 
is eonsidered adequate for Sk\ lab use. 

1. bicycle Ergometer. A major problem was en- 
countered with the bicycle ergometer. This device is 
very important since* it serves two purposes. First, the 
ergometer supports the metaholie activities experi- 
ment (MI7I) to determine if man's metabolic effec- 
tiveness in doing mechanical work is altered in the 
space environment. Second, tin* ergometer is the basic 
device used by the crew for obtaining daily physical 
exercise. This is very important if they are to 
maintain physiological condition throughout the 
flight. 

Failures with the ergometer during SMlvAT were 
such that it was necessary to transfer the device out 
of the chamber through the airlock during tin* test, 
subject it to failure analysis, reassemble the unit, and 
pass it back in for further use. A number of design 
deficiencies were noted and additional qualification 
tests on redesigned units were conducted to insure 
that the ergometer used during Sky lab should be 


appropriate lor the lull lf>-da\ mission. Mso, on the 
basis ol the SMlvAT results, a spare ergometer load 
module, housing the pedals and drive motor, was 
added to the Skylah equipment package. 

4, Lower body \egative Eressure Device. \ seal 
in the I.HMI* device encloses tin* lower ex Iremilies ol 
tin* body so that a negative pressure ran be applied. 
This seal sullcrcd serious leakage. \ redesign 4 > 1 the 
waist >eal was accomplished, and changes were made 
in both SMlvAT and Skylah systems. Further, a 
derision was made l<> earrv a spare waist -eat during 
tin flight program. 

Recause it gave high readings, the Mood pressure 
measuring system also was deemed un-atisfaetor\ . \ 
failure analysis pointed to a calibration problem with 
the blood pressure culls. This was corrected, and a 
series ol tests were conducted at Dallas Otuntx 
Hospital which verified system adequacy on tin* basis 
ol correlation between an in-dwelling blood pressure 
catheter and the experiment blood pressure cuff 
sy stem. 

1. Vectorcardiogram. In this experiment, 
problems were encountered with skin irritation 
produced by the electrode cement. Special patch tests 
were instituted to verify that the electrode cement 
and the electrode paste used would not produce skin 
irritation in the Skylah crewmen. 

(). blood Sampling Techniques. Problems were 
encountered, in the lirst blood samples, with coagula- 
tion that interfered with the separation of plasma and 
scrum. Additional anticoagulants were added to later 
samples, and the problem was alleviated. There also 
was some difficulty with vibration of the blood 
separation centrifuge. Again, result.- were used to 
correct equipment scheduled for later Skylah missions. 
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A. Breakout Cable/PDP 8 e Operation 

An initial SMEAT 5 psia w« . run occurred on 
July 10, 1972. Data from this test were difficult lo interpre t 
and raised questions regarding the performance of the 
metabolic analyzer. It became apparent that knowledge of 
metabolic analyzer transducer out puts was required to 
quantitatively describe perlonnanee of the metabolic 
analyzer. A breakout cable was installed on the SMK Al 
metabolic analyzer before the second 5 psia wet run. 
Table A-l lists the variables that were then available to be 
monitored 

The breakout cable was connected to an electrical 
feedthrough in the chamber wall. The cable extended irom 
outside the chamber to a platform immediately above the 
chamber. At this point the cable interfaced with a 24-channel 
calibration/buffer box. Each signal was buffered by feeding it 
through a high input, low output impedance unity gam 
amplifier. Twelve analog outputs were monitored on 
Brush 260 stripchart recorders. Additional analog signals 
were patched lo a PDF 8-e digital computer. 

The digital minicomputer (PDF 8-e) was used to check 
the computational accuracy of the Metabolic Analyzer (MA) 
analog computer. The use of a digital computer sampling 
analog signals allowed simultaneous calculation of gas 
exchange parameters using four different sets of equations 
describing mass balance. Two of these sets ot equations were 
identical with the equations implemented in the \1A for 
Mode 1 and Mode 2. The other two sets of equations were 
Mode 1 and Mode 2 calculations but did not use the gas 
fraction of water measured by the mass spectrometer. 
Instead, the temperature of the exhalation spirometer was 
monitored, and the water fraction was calculated by 
assuming the spirometer gas was saturated ?.t that 
temperature. The calculated gas volume at standard 
temperature and pressure (STP) was then reduced to dry 
conditions by multiplying the STF volume by (l-Fj^O)- The 
Mode 1 and Mode 2 calculations were performed using dry 
gas volumes and dry gas fractions. 

The accuracy and repeatability of the digital calculations 
were checked by monitoring the MA dunng an end-to-end 
calibration run using a known gas mixture and hand pump, 


Simultaneous* ealeulation ot the lour sets ol equal ion- 
using MA transducer dala quantitated several sources ol 
errors in the MA. The excessively high fraction ol waler 
measured by the mass spectrometer caused MA Mode 1 
calculations of Do consumption and f <>2 production to In 
4-5 percent low. This same error in water fraction caused 
Mode I <>2 consumption to be measured 10-20 percent high 
In addition, correct Mode I operation was shown to In- 
dependent on exact volume matehing ol inspired and expired 
volume spirometers. 

B. Major Problem Areas 

I. Quantitative Carbon Dioxide and W ater Measurement 

The temperature of the exhalation spirometer was 
monitored concurrently with Mass Spectrometer (MS) w ater 
signal and no consistent relationship was demonstrated. 
Because partial pressure ol water vapor is a function ol 
temperature, a speciiie relationship between exhalation 
spirometer temperature and MS water signal was expected. 
We continually observed higher water readings than 
anticipated according to indicated spirometer temperature 
Either the thermistor in the exhalation spirometer did not 
indicate true exhaled air temperature or the mass 
spectrometer was measuring water too high. Test run on 
DVT U #2 verified that the spirometer thermistor was 
sufficiently accurate. Therefore, we concluded that the mass 
spectrometer measured water too high, possibly due to an 
error in the water gain. 

Carbon dioxide quantitation initially appeared to be 
interlocked with water measurement. MA data compared 
with Douglas bag data indicated that carbon dioxide wa- 
measured higher by the metabolic analyzer than by Douglas 
bags. In the laboratory, we have been unable to demonstrate 
a “loss” of carbon dioxide by the Douglas bags. This 
discrepancy between the MA and the laboratory standard is 
attributed to operation ol the mass spectrometer in the 
SMEAT MA. Whether or not this problem is one of 
calibration or malfunction remains to be determimd. 
However, data from the laboratory DVTU MA at sea level 
show carbon dioxide values simitar to Douglas bag data. 

Extensive post-SMEAT evaluation ot the mass 
spectrometer is planned at Perk in -Elmer, Pomona, California. 
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Resolution ot the water/ carbon i|io\i()r measurement 
problem awaits completion of then* tests. 

2. Variability m Hand Lump Calibration. 

Initial hand pump calibrations domed large 
variability in computed data. The respiratory valves were 
suspect because they allowed blow -by due to their low 
cracking pressure. A study was performed in our laboratory 
to determine if the flight configuration crew valves wire 
acceptable for end-to-end calibration ot the VI A. The report 
titled. The Tffect Of Different halves On (alihration Of The 
Metabolic Analyzer . bv A. Paul Sehachler, dated 
August IB. 1972. has been circulated to VISIT! and DEI 
personnel. Briefly, it was concluded that crew valves were 
satisfactory for delivering known gas volumes to the VI A if 
the pump was stroked slowjv rather than rapidly 

Monitoring SMKAT fund pump calibrations 
demonstrated two additional source*, of error performance 
of sample and bold circuits for STP volumes and the trigger 
concept. STP sample and fluid data were shown to correlate 


poorlv with the raw spirometer volumes, e g.. O.Ofl instead of 
the anticipated 1 .0 correlation. Further investigation 
indicated that this problem was unique to the 
SMEAT M V test M-tup and was caused by “filter" capacitors 
used in the calibration voltage follow it box. MA DVTI #2 
consistently has shown a high correlation between STP and 
raw volumes. 

,'L Trigger < arcuils. 

The trigger circuit design was problematic for two 
reasons: ( I) The trigger signal occurs at or near zero air flow , 
and (2) There was no requirement that the second half of a 
breath cycle fir initiated before the volume data from the 
preceding half were u>ed lor computation. Mode I operation 
was hindered by normal human respiratory patterns such as 
coughs and slow air flow rates because such maneuvers 
resulted in compulation before completion of that 
exhalation. 

A new trigger concept was studied briefly, it would 
make Mode I functional but lower ihe overall reliability of 
tile MA by making the dump of each spirometer dependent 
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upon the other spirometer. Therefore, lailurr of any portion 
of the inspiration spirometer circuit or associated hard wart 1 
would result in total loss of the M A data 

4. Ear Piet hy smograph. 

Ear plethy smograph performance was the subject of 
extensive debate. At present we believe that the ear 
plethy smograph measured heart rate reasonably well within 
the 60* 1 20 beats/ minute range. However, most data 
indicated that the piethysmograph heart rate was low relative 
to the VCi; heart rate above the 1 20 br w |s/minu(e level. 
Performance of this unit will lx* rechecked during 
posl-SMEAT testing. 

5. Dump Valve. 

On SWEAT day IB, significant problems were 
encountered with the inspiration spirometer dump valve. 
Stripchart data indicated that the spirometer dump valve 
hung open during the run on SPT. The exact failure was 
uncertain, but it most likely resulted from either a 
temporarily clogged N9 gas orifice or a too tight ball valve 
seal that caused the ball valve lo stick open. The problem 
could not be duplicated during posl-SMEAT testing. 

6. Vital Capacity and Minute 1 Volume Circuilry. 

Starting with the SPT test on SWEAT day 27, the 
vital capaeily and minute volume data as recorded were 
approximately 60 percent high. On SWEAT day. 30, the MA 
data were credible lor the CL)R at 1230 hours but by 
1600 hours, when PIT was run, the data were again 
40 -60 percent high. SPT w as run at I 745 hours and these 
data were still high. However, all data for SWEAT day 36 
appeared "normal.' The next obvious failure occurred during 
PLT's special test on SWEAT day 43 at 1545 hours. Data for 
SPT on that date were also high by the 40 - 60 percent figure 
seen previously. For the remainder of SWEAT, the MA data 
for vital capacity and minute volume were credible. 

In summary, an intermittent failure was observed 
which produced high measurements for vital capacity and 
minute volume. It appeared to be related to MA temperature. 
Fortunately STP volume, required for computation of 
oxygen consumption and carbon dioxide production, was not 
affected b> this anomaly. Post-SMEAT the failure was 
identified in a multiplier required to go from Vfcg^p to 
V ESTPD P r °blem was isolated to a defective integrated 

circuit (1C) amplifier. The DVTU metabolic analyzer 
contained ICTs, including the one which failed, from a lot 
which had previously failed in flight hardware. All such IC’s 
are no longer used in the flight hardware. 

7. Ergometer Failure. 

The original SWEAT ergomelcr failed during a 
personal exercise period with SPT as subject. Examination 
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indicated that 7 of 12 brushes had separated from the brush 
ring and the torque sensor had failed. Apparently the only 
significant difference Ix-tween the SWEAT ergometer and the 
flight hardware was in the type of brush ring, and in the fart 
that the brush ring configuration used causes (lie armature to 
turn "into" the brush ring rather than "away from" the 
brushes. 

A flight configuration brush ring was installed in the 
SWEAT ergometer and the unit was recalibrated and relumed 
to the chamber. Within approximately one week, the 
ergometer failed again. The characteristics noted were a loud 
grinding noise and a very high load al ter 29 minutes at 
300 watts. Inspection of the ergometer follow ing its removal 
from the chamber failed lo demonstrate the problem. A 
subsequent 36 minute run at 300 watts on a calibrator 
resulted in failure of the unit. Again, the failure was 
characterized by excessively high loads rather than unloading. 
In both cases, the failure was the torque sensor. Subsequent 
investigation at MSEC disclosed a bearing misalignment on 
the armature shaft caused by improper assembly. At high 
work levels the armature would expand and, due to the 
misalignment, eventually contact the stator thus inducing high 
force spikes into the torque *cn>or thereby causing its failure. 

8. Douglas Hags. 

Douglas bag collections were planned for SMEA V 
using the following protocol lor each subject: 

Hag # Sample 

1 20 pumps (3.5 1 stroke) of cabin air 

2 10-minutc rest sample 

3 Final 3 minutes at first work level 

4 Final 3 minutes at second work level 

5 Final 2 minutes at third work level 

At least three sets of bags were obtained for ea< 

subject during the five inflight Douglas bag collections. Th< 
lest dates were August 25(238) and August 26(239), 1972, 
and September 7 (25J ), September 13 (257) and Septem- 
ber 18(262), 1972. Twelve bags were available to the crew 
for each two-subject run. The extra bags were generally used 
to obtain an additional sample at each subject’s last work 
level. During each run, the Crew Systems Division personnel 
wi re requested to hold chamber nitrogen level as stable as 
possible. This was necessary because of the sensitivity of the 
metabolic calculations to nitrogen levels. The data from the 
Douglas bag collections are summarized in Table A -2. The 
mean oxygen consumption values for each crewman fell near 
the middle of the 95 percent C.l. of his baseline dala. The 
respiratory exchange ratio data were within normal limits, 
indicating that the high values noted from the SWEAT MA 
were incorrect. 
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Table A 2 

Summary of Physiological Data Obtained From SME AT 5 psia Douglas Rag Collections 
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9, Silica Cel Drier Test. 

Early in the development of the MA a silica gel dner 
was incorporated into the system to lower the dewpoint ol 
the exhaled air. However, a negative aspect of >ilica gel was 
that it apparently adsorbed C0 2 on the trapped water. The 
C()t> adsorption was expected to produce MA data that had 


low respiratory exchange ratios. With the exception ol the 
rest data from the First subject fCDR), the respiratory 
exchange ratios were higher than previously noted 
Therefore, the canister appeared to saturate with C0 2 long 
before it lost its eapabilitv to adsorb moisture. I he data are 
summarized in Table A-.L 


Table A T 

MA Silica Gel Drier Test Data 
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Wilier levels remained stable at I.,' pereenl during the 
(!])K s lest. I .8 pereenl during the I’lT’s lest, and began to 
ns* 1 from 2.1* to t.O percent during the SPT s trsl. Therefore, 
in spilt* of the low waltT levels, CO2 W'as still being measured 
higher than anticipated according to the Douglas bag 
technique. The implieation is that the mass spectrometer 
(.()*> gam was being set loo high. This may have been the 
summation of two separate problems: ( I ) The mass 

spectrometer (’<)■; gam was adjusted for a gas thought to 
contain I 4.4 percent (!()■> when, in fact, it contained only 
I 1.0 percent COo.and (2) The C(>2 gain is adjusted w hile some 
rabm air dilution is present in the gas being sampled. 

10. Effect of Short Term Changes in Cabin Atmosphere 
on VI A Measurement of Metabolic Hate. 

Initial Ml 71 runs at attitude indicated oxygen 
consumption dala were very sensitive to small changes in the 
quantity (fraction) of nitrogen in the chamber atmosphere. 
This computational sensitivity results from two facts: ( | )The 
MA analog computer stores cabin air composition at the 
unset of each test. The implied assumption is that the cabin 
gaseous composition remains constant during the run; 
(2) The computation of inspired volume is highly sensitive to 
small F 1 1\ •> changes, thus an increase in Fl[\2 during ar M I 71 
run will produce an apparent increase in Vq 2* Conversely, a 
decrease in Fl ■> during an Ml 71 run will produce a decrease 
in MA oxygen consumption. Two special SMEAT tests were 
run to document this point. In both tests, the subject (SPT) 
performed steady-state exercise at 180 watts as judged by no 
significant increase in heart rate during the 45 minute 
exercise period. In the first test, five minutes of Vq.j data 
were obtained with a stable* rabin gas composition, followed 
by 40 minutes of V().> data during which time the FIN2 was 
increased 0.005 per 10 minutes. At total F|f\2 increase of 
0.015 resulted in an apparent V()2 increase from 2.1 to 
5.6 liters/minute. On the second special test day a corollary 
test was performed wherein the F|Q2 wa - s raised 0.015 while 
the same subject repealed the 45 minute ride at 180 watts. 
Because cabin CO9 and II 2O levels remained relatively stable 
at 2.0 percent and 5.0 percent respectively , the increase in 
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F|()2 was reflected in a like decrease in Fjj^o Ml 71 oxygen 
consumption data fell from 2.1 to 1 .5 liters/minute. 

These tests proved the necessity of maintaining cabin 
atmospheric composition as stable as possible during Ml 7] 
tests. 

The data from the two tests are tabulated in 
Tables A -4 and A-5. 

11. Evaluation of MA Mass Spectrometer Gas Analysis. 

AH preceding tests indicated the MA mass 
spectrometer was measuring carbon dioxide too high. This 
test was designed to provide a series of saturated gas samples 
to be introduced lo the mass spectrometer at 5 psia. The 
mixed gas samples were analyzed by the MA mass 
spectrometer using both the cabin air and the exhaled sample 
inlet ports. At the completion of this portion of testing, the 
Douglas bags were passed out of the SMEAT chamber and 
brought to the environmental Physiology Branch for analysis 
using a S.R.I. MEDSPECT respiratory mass spectrometer. 
The data are shown in Table A-6. 

The results of these analyses indicated that the SMEAT 
mass spectrometer was measuring COo approximately 
25 percent high and O2 five percent low . Analyses made via 
the cabin air and exhaled sample ports showed no appreciable 
differences. 

12. Mass Spectrometer Calibration Gain Adjust. 

The final regularly scheduled M171 test w as used to 
check the impact of mass spectrometer gain adjusts on MA 
data. The CO2 gain was set at 11.4 percent, instead of a 
nominal 1 4.3 percent, and water gain was similarly reduced 
from 24 to 18 percent. Otherwise, the protocol for Ml 71 was 
that normally employed. The data obtained are shown in 
Table A-7. Essentially, the V()2 da* 3 appear normal, but 
V(;o«> are somewhat low relative to the Douglas bag data. 
This indicates that the CO2 gain may have been reduced too 
much. The R.E.R, data reflect the CO2 gain adjust by having 
numerical values somewhat less than expected. 
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Table A 4 

Nitrogen Injection into Cabin Atmosphere 
M17I Special Test #7 
Subject: Thornton ( 180 Watts) 
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Table A 

Oxv^eu Injection into (iabin Atmosphere 
M I 7 I Special Test £ 7 
Subject: Thornton ( IHO Walts) 
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